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The frontpage mosaic depicts 4 recent historic milestones (2 launches and 2 comet encounters) in inter-planetary 
exploration. Bottom Panel: The bottom panel shows the launch of ISROs heaviest rocket GSLV-Mk II which 
carried onboard a Crew Module Atmospheric Re-entry Experiment (CARE) paving a way for future human 
spaceflight and inter-planetary voyage. Top Left: The top left-panel depicts the most awaited Comet rendezvous 
by ROSETTA spacecraft. The comet 67P/CG is shown in background at top. The centre picture shows a close-up 
image of the comets surface. An artistic view of the ROSETTA spacecraft and the Lander philae is also shown. 
Top Right: The top right panel shows an artistic view of Hayabusa-2 sample return from asteroid (162173) 1999 
JU3. Hayabusa-2 was recently launched by JAXA. Top Right Corner: Shown at top right corner is the ever clos- 
est approach image of 4 comet, C/2013 Al Siding Spring (showing the nucleas and bright coma near the nucleus) 
taken during its recent encounter with Mars. 
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ture; http://mars.nasa.gov/comets/sidingspring/images/?I|magelD=6682 


Cover Design:Durga Prasad Karanam 


Volume -5, Issue-1, Jan 2015 


Dear Readers, Thank you very much for one more great issue. The 


Greetings! article “Methane problem on Mars” was very useful. The 
The New Year 2015 has begun on an enthralling note for cover page was very powerful. My second book about 
the planetary enthusiasts in the country. With MOM com- the Indian Mars mission, “Indian Martian Odyssey,”’ 
pleting 100 days in Martian orbit and GSLV going great, has been released which contains references to PLANEX 
Dr. K. Radhakrishnan, Chairman ISRO, has been listed among Newsletter. 

the top ten scientists of 2014 in the prestigious Nature journal; a 

feat never ever achieved before by any Indian scientist (working -Srinivas Laxman 
in India). This recognition would certainly inspire and fascinate Space Journalist 
the youth of the country towards taking up the challenges in 


Planetary Sciences & Exploration endeavors. Another interesting issue of the PLANEX Newslet- 
The year 2014 witnessed several milestones in Planetary Explo- jo, | specially liked the articles “Evolution of Galaxies 
ration. Some of these include MOM’s and MAVEN’s rendezvous , , d bulk composition of solar system” and “Methane 


with Mars, Change’3 Yutu landing on the oe Rosetta’s Philae problem on Mars”. It was like a review of Undergrad 
landing on Comet 67P/CG and Hayabusa-2’s successful launch ; : : , : 
: .. Geochemistry course and highly interesting. I would like 
for sample return from asteroid 1999 JU3. Moreover, boosting : Nets: 
to read more on Climate and Weather activities on other 


India’s future planetary prospects recently there was a success- : 
ful launch of GSLV Mark III - the most powerful rocket so far, ene solar se ieee 2 cone by the team. 
est Wishes!!! ..... 


which carried CARE (Crew Module Atmospheric Re-entry 

Experiment) onboard, paving the way for human spaceflight and F ’ 

inter-planetary voyage in the future. This issue provides a brief -Radha Krishna P illutla 

description on some of these important events through regular National Taiwan University, 

columns - News Highlights & Mission Updates. Taipei, Taiwan 

Interesting & informative articles covering a panorama of sub- 

jects related to Planetary Sciences and Astronomy have been “..... Thank you for sending latest news letter, having recent 

included in the issue. An article by Mr. Smart Kundassery and information’s about Mars Mission 

Dr. C.A. Babu of CUSAT Cochin, takes you on a voyage through 

the oceans of our solar system. For curious many, Dr. M. Choud- -Arvind Kumar Tripathi 

hury of UM-DAE Mumbai throws light on the scientific aspects Indian Institute of Technology (BHU), 

of black hole and Dr. A. Srivastava of IIT Bombay provides a Varanasi 

recipe for making chondrules, one of the early formed solids of 

solar system, in the laboratory. 

Recently, discussions have started for a possible Indian Venus 

expedition in the near future. Dr. Shyama Narendranath K.C. 

of ISAC Bangalore presents an introductory article on the Ve- -Prashant 

nusian science, highlighting the current state of knowledge. In GSLMumbai 

the Events column, a summary of the related meeting held at 

NGRI, Hyderabad has been included. 

The back page provides glimpses of Kepler’s life - NASA’s , 

jewel in the sky that is now functioning in the K2 avatar — which 

continues to hunt for habitable planets in the vast expanse o 

our Universe. : 

Before signing off, I would like to bid farewell to Mr. Vijjapu > “Shiv K. Sharma 

Mani Teja, a precious team member who has now moved to IIT University of Hawaii (UH), 

Madras for further research. We miss you Teja! I would also like Honolulu, USA 

to welcome Dr. Debabrata Banerjee as advisor and Dr. Jayesh 

Pabari, Ms. Pavithraa S & Mr. Subhadyouti Bose in the editorial “.....Again one more great issue of Newsletter, The cover 

team. We look forward to their esteemed contribution. page was awesome!! Articles are extremely informative 

and interesting, specially the Back page on “The deep- 

Wish You a Happy & Prosperous New Year! est ocean in the Solar System” was also enlightening and 
A worthy to note. My best regards to the Editorial Team for 

Happy Reading! 


Nay G 


Dr. Neeraj Srivastava 


their meticulous work. Best Wishes!! 
-M. Bharaneshwari 
Vellore Institute of Technology 


q -" a ij y Chennai 


NASA’s Curiosity has kindled the curious minds 
with its new finding of “Methane on Mars”! 
Curiosity rover has been breathing in the air in Martian 
atmosphere ever since it landed in the Gale crater in 
August 2012. It has made a recent remarkable discovery of 
detecting the methane gas on Mars, contradicting its own 
previous results. The Martian methane gas was detected 
by the samples collected by Curiosity’s Sample Analysis 
on Mars (SAM) laboratory. The average methane levels 
measured in the Martian atmosphere is about 7 parts per 
billion, which is 10 times greater than the counts in the 
background! The spike lasted for two months and then 
came down to the background level. According to the 
measurements of wind direction by the rover, the methane 
gas has come from the north of rover, either from inside 
or out of the rim of the Gale crater. This methane could 
have been released from the molecular cages of water-ice 
known as ‘clathrates’ in which methane can be trapped. 
In such a case the gas can be released through cracks or 
fissures in the rock, due to mechanical or thermal stress. 
Researchers are now curious to know if this huge amount 
of methane has come from any microbes present below 
the Martian surface. Since, Methane can also be produced 
by reaction of certain type of rocks with its atmosphere 
during volcanism or hydrothermal activities; the cause of 
existence of methane, whether is by geophysical or biologi- 
cal process on Mars, still remains a riddle! 


Possible Methane Sources and Sinks 


Source: http://www.nasa.gov/press/2014/december/nasa- 
rover-finds-active-ancient-organic-chemistry-on-mars/#. 
VJJv_fmUezs 


New Insights for Martian Impact Processes 

Any surface on Mars has been consistently affected by 
the impact cratering processes and Gale crater provides 
an opportunity to understand them at different scales. 
In a recent attempt, surface plus orbit observations and 
measurements related to the different scale of impact 
craters formed during first 364 sols in the vicinity of the 
Curiosity rover landing site (Gale crater) and across the 
rover traverse regions have been incorporated to provide 
remarkable insights for improving our understanding about 
the impact processes. Analysis of the affects of impact cra- 
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tering on basement outcrops revealed presence of fractured 
sedimentary layers and dislodged blocks of sandstone and 
conglomerate. The petrological characteristics of these 
dislodged blocks identified over Bradbury Rise (a site 
within Gale) included igneous textures, as well as some 
of the blocks presented possible connection with the distal 
ejecta excavated from larger craters in environs of Gale. In 
addition to the identification of dislodged blocks, impact 
spherules found within sediments and drifted materials 
were also recognized as evidence for distal ejecta. Apart 
from these observations, evidence for possible presence 
of impactites in forms of shatter cones, shocked rocks, 
and materials with ropy texture were identified; however, 
these evidences seek further confirmation. It was noted 
from the evidence of eroded rim of craters and dust infilled 
within craters that aeolian processes have dominated in 
the modification of impact craters (diameter within ~40m). 
From estimates for resurfacing, it was found that craters 
with diameter within ~15m may represent steady state 
between production and destruction. Overall, a resurfac- 
ing rate of the order of 10mm/Ma was inferred, which is 
quite greater than the rate of impact cratering alone, though 
significantly lower than rates for terrestrial erosion. Thus, 
in this way our understanding of nature of small impact 
craters and related processes is getting accomplished by 
the combined orbiter and rover observations. 


ee Sage = : 
Ropy textured materials potentially representing altic 
impact melt 


Source: http://www.sciencedirect.com/science/article/ 
p1i/0019103514005521 


Records of Past Glacial Activities revealed from 
a Single Crater on Mars 

Morphologic characteristics of ice-rich landforms in the 
martian mid-latitudes record evidence for significant 
modification of the landscape in response to spin—axis/ 
orbital parameter-driven shifts in the Late Amazonian 
climate. These landforms are spatially distributed across 
the mid-latitudes and their co-existing presence has so far 
not been observed from a single crater to infer how exactly 
a terrain has been modified while Mars was undergoing 
major—moderate—minor shifts in its Late Amazonian cli- 


mate. In a recent in-depth investigation of Moreux crater 
(~135 km, centered at 41.66° N, 44.44° E in the Protonilus 
Mensae region), identification of features associated with 
recent and episodic glacial events has been carried out to 
demonstrate the role played by these glacial events in the 
modification of the crater. Evidence for extensive modi- 
fication of the surfaces over crater rim/wall and around 
central peak by emplacement of multiple scales of ice-rich 
landforms that represent large history of glacial activities 
was found. This study has documented phases of major— 
moderate—minor glacial activities within the crater as: (1) 
piedmont lobes/lobate debris aprons/linear valley fills (~1 
Ga-—100 Ma), (2) viscous flow features (~30—0.1 Ma) and 
(3) gullies/thermal contraction crack polygons (~2.1—0.4 
Ma). The form and distribution of the random valleys 
observed within Moreux indicate that they are likely to 
be formed by pressure-induced melting and flow occur- 
ring beneath an extensive layer of ice. The central peak of 
Moreux is suggested to have probably acted as the locus for 
accumulation of ice/snow during the past glacial periods. 
It was also shown that the diversity of glacial/periglacial 
features within the crater was possibly controlled by dif- 
ferences in the amount of accumulated ice/snow and the 
rate at which the terrain responded to the shifts in climate 
during subsequent periods of obliquity changes. Taken 
together, these ice-rich deposits within Moreux suggest 
that sequential modification of the crater surfaces over 
the rim/wall and around central peak has occurred over 
the last tens of millions of years of martian history. This 
new evidence thus adds another well-documented case for 
widespread glacial activity in the middle latitudes of Mars 
in recent martian history. 


es 
Typical glacial flow from rim of the crater resulting in 
formation of lobe shaped feature 


Source: http://www.sciencedirect.com/science/article/pii/ 
$0019103514004904 


When Siding Spring and Satellites met over 
Mars! 
Over decades, spacecrafts are being sent to study the 
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wonders in our infinite universe. On one side, a decade 
back Rosetta was sent to study a comet, while on other 
side for the first time, as a once in a million year event, 
a comet (C/2013 Al Siding Spring) came towards space- 
crafts on Oct. 19, 2014. The comet travelled from the Oort 
cloud and made a close approach within about 139,500 
kilometers of the Red Planet. Two NASA crafts (MAVEN, 
Mars Reconnaissance Orbiter (MRO)) and one ESA craft 
(Mars Express), have gathered new informations about the 
aftermath of comet’s encounter on the Martian atmosphere. 
They have revealed that debris from the comet caused an 
intense meteor shower and added a new layer of ions or 
charged particles to the ionosphere, resulting in significant 
but temporary changes to the planet’s upper atmosphere 
and possible long term changes. MAVEN’s Imaging UI- 
traviolet Spectrograph (IUVS) observed intense ultravio- 
let emissions from magnesium and iron ions high in the 
atmosphere in the upshot of the meteor shower. Not even 
the most intense meteor storms on Earth have produced a 
strong response as this one. The emission dominated Mars’ 
UV spectrum for several hours after the encounter and then 
dissipated over the next two days. And, using atmospheric 
dust samples collected by MAVEN, scientists have been 
able to determine that the comet delivered eight different 
types of metal ions including sodium, magnesium, and iron 
to Mars. Also, MRO’s Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) got a good look at the 
coma. It does not have the sharp spatial detail of MRO’s 
High Resolution Imaging Science Experiment (HiRISE), 
but every single pixel in a CRISM image is a full visible 
and near-infrared spectrum at that point, which can be in- 
terpreted by scientists to infer the presence and sometimes 
the abundance of different molecules. HiRISE images show 
the nucleus and bright coma near the nucleus and the fainter 
outer coma is brightened, saturating the inner region. 
Mars Express’s High Resolution Stereo Camera (HRSC) 
also took photos of the comet. Mars Express observed a 
huge increase in the density of electrons in the Martian 
ionosphere following the comet’s close approach. It is 
anticipated that the observations from all the seven space- 
crafts including ISRO’s Mars Orbiter Mission (MOM) 
would bring new results in the next few months or years. 


Comet Siding Spring on Oct. 19, 2014, by Mars Orbiter 
Mission and from MRO. 


Credit: ISRO/ NASA/ JPL/ UA 


Source: http://www.sciencedaily.com/ 
releases/2014/11/141107154730.htm 


Possible Biogenic Origin for the Organic bearing 
Fluids in Tissint Martian Meteorite 

In the run for searching evidence of possible ancient 
biological activities on Mars, results from NanoSIMS 
based analysis of organic carbon from Tissint Martian 
meteorite has added significant implications in that line. 
In the recently fallen Tissint meteorite, two petrographic 
settings of carbonaceous components was found within 
shock-melt veins whose enriched deuterium values (6D 
up to +1183%) revealed their pristine Martian origin. The 
micro-Raman spectra and multielemental ratios of the 
carbonaceous components showed that they are Kerogen- 
like and were probably deposited within the parent rock 
by inclusion of fluids into the shock-induced fractures. 
The subsequent shock events disrupted the parent rock 
resulting in formation of melt veins that contained a por- 
tion from the organic matter. It was found that the Carbon 
isotopic compositions of the organic matter (6'°C = -12.8 
to -33.1%) are relatively lighter than Martian atmospheric 
CO, and carbonate, pointing towards a possible biotic 
scenario. Nonetheless, the organic matter could be from 
carbonaceous chondrites as well. However, the finding of 
organic-rich fluids that filled in the shock induced fractures 
formed in the surface rocks add significant implications 
for understanding ancient environment of Mars and con- 
tinue the hunt for the evidence of biological activities. 


SEM images of the carbonaceous matter filled inside 
the fractures and cleavages in olivine 


Source: _ http://onlinelibrary.wi- 
etyercrommadiony AORN miapish 12°3°8:97/ full 


Organics on 67P/CG-Comet Surface! 

It is not unusual for a comet to be discovered by two or 
more observers on the same night, an event that produced 
one such name: 67P/Churyumov — Gerasimenko (CG). 
After its 10 year voyage through space, the ESA’s Philae 
lander got separated from the Rosetta craft and touched 
down on CG on Nov. 12, 2014. After touchdown Philae 
failed to anchor itself properly, causing it to bounce back 
into space twice before finally coming to rest. Its final 
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resting place was about half a mile from the initial land- 
ing site and it is lying at an angle with its solar panels 
partially obscured. Cometary Sampling and Composition 
(COSAC) designed for the detection of complex organic 
(carbon-bearing) molecules has found organic molecules 
on the surface of CG. These are essential for life and may 
give clues to chemical ingredients delivered to our planet 
early in its history. It has not been disclosed which mol- 
ecules have been found, or how complex they are but the 
team is still trying to interpret the results. One of the key 
objectives was to drill a sample of soil and analyze it in 
COSAC’s oven, but unfortunately no soil was delivered to 
the instrument. Another instrument, Multi-Purpose Sensors 
for Surface and Subsurface Science (MUPUS) uses sensors 
on the Lander’s anchor, probe and exterior to measure the 
density, thermal and mechanical properties of the surface. 
MUPUS deployed a hammer to the comet after Philae’s 
landing (recorded a temperature of —153°C before it was 
deployed and after deployment the sensors cooled further 
by 10°C within half an hour), suggest there is a layer of 
dust 10-20 cm thick on the surface with very hard water- 
ice underneath. MUPUS data suggest that this layer has a 
tensile strength similar to sandstone. The overall density 
of the comet is 0.4 g/cm?, where there is no way it is made 
of rock. But it is more likely there is sintered ice at the 
surface with more porous material lower down that has 
not been exposed to the Sun. Rosetta’s Rosina instrument 
consists of two mass spectrometers that analyze the gas that 
streams off the surface of CG. It has been found that there 
was far more heavy water on CG than on Earth. It has the 
highest-ever measured ratio of heavy water relative to light 
water in the Solar System (~3 times > Earth). This means 
that this kind of comet could not have brought water to the 
Earth. A class of comets that originated in the Oort Cloud 
also have a different signature to water on Earth. So far two 
comets from the Kuiper belt have been analyzed, Comet 
67P and another comet called Hartley 2. So the reservoir 
of the Kuiper belt might have diverse comets that probably 
came from different regions of the early Solar System. The 
lander’s Alpha Particle X-ray Spectrometer (APXS), for 
elemental composition observation, have partially seen a 
signal from its own lens cover - which could have dropped 
off at a strange angle because Philae was not lying flat. 


Comet CG seen from Rosetta 
Credit: ESA/Rosetta/NavCam/PA 


As CG moves closer to the sun in the next few months, 
some light will start to reach Philae’s solar panels, giving 
it enough power to come out of hibernation and help us 
to unknot queries in that light. 
Source:http://www.bbc.com/news/science-environment- 
30097648 


Lunar Regolith Thickness Model 

Lunar surface is covered by ~5 to 15 m of fine to coarse 
grained soil called regolith in mare and highland regions 
respectively. The cause for this regolith formation is 
mainly due to the large-to-small impact cratering pro- 
cessing, which grinded and powdered the target mate- 
rial. The earlier processes around ~4 Ga like the late 
heavy bombardment and larger craters produced coarse 
grained and heterogeneous mixture of the regolith, while 
later processes of small and micro meteorite impacts 
have produced the fine grained materials. The desic- 
cated regolith emits microwave radiation and provides 
chances to understand their thickness and distribution 
over the lunar surface. A recent study recreated a near 
realistic lunar subsurface using a three layer model to 
simulate the emittance from the lunar subsurface in the 
upcoming Chandrayaan-2 frequencies L- (1.25 GHz) 
and S- (2.1 GHz) band. In the three layer model, the first 
layer is ~2cm with fine grained soil with temperature 
of 400K/100K during day/night condition. The second 
region consist of regolith medium extending up to ~15 
m with temperature of ~255 K and the third medium 
consisting of rock extending thereafter with the same tem- 
perature and medium too. The main variable parameters 
to this model are bulk density, temperature, dielectric per- 
mittivity, FeO+TiO, and frequency. Among the variables, 
FeO+TiO, had significant role in the emission, which was 
tested in this model both in lateral and in vertical scale. 
The use of two lower and closer frequencies will be able 
to retrieve the deeper emitted signal from the regolith 
medium. Along with the simulation, a new index based 
approach was developed to retrieve the regolith thickness 
from this dual frequency based approach. The regolith 
thickness inversion model was tested for the six Apollo 
landing sites and the results are in agreement, like higher 
regolith thickness (~12 m) for Apollo 16 location (high- 
land region) and thickness of ~ 4m for Apollo 11, 12 and 
15 (mare regions). The vertical variation of FeO+TiO, 
content had a significant effect in thickness estimation 
in the Apollo 14 and Apollo 17 region, which is brought 
out from this model. The cause for such heterogeneous 
mixture and variation in regolith thickness is due to the 
emplacement of ejecta during the Imbrium basin forma- 
tion (Apollo 14) and the mare-highland transition region 
over the Apollo 17 location. This study portrays that the 
lunar regolith medium is heterogeneous in nature and 
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the subsurface emission could differ significantly over 
locations like regions around lunar basin and over mare- 
highland transition regions. 
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Three layer model of lunar subsurface 


Source: http://www.sciencedirect.com/science/article/pii/ 
S00320633 14003766 


First In-situ Spectrometer of Moon from 
Chang’e-3 “Jade Rabbit” 

The Chang’e-3 landed with a lander and a rover on Mare 
Imbrium (44.1°N 19.5°W) of Moon on Dec. 14, 2013.The 
Visible and Near-infrared Imaging Spectrometer (VNIS) 
onboard Yutu Rover (The Jade Rabbit) was designed by 
the Shanghai Institute of Technical Physics, Chinese 
Academy of Sciences and is the first instrument based on 
Acousto-Optic Tunable Filter (AOTF) to perform in-situ 
spectral analysis. The radiance data measured at four dif- 
ferent locations in the first two lunar days along the path 
of the rover had been analysed by the science team. The 
data was processed and corrected for effects of dark tem- 
perature along with radiometric and geometric calibration. 
The calibration technique used for VNIS data processing 
is different from that of the space borne spectrometers due 
to the differences in the viewing geometry and impor- 
tantly the goal of regional detection. The recent research 
focuses on the mineral identification using VNIS compar- 
ing along with the results from Chandrayaan-1 M? and 
Apollo lunar mare samples. The spectral parameters such 
as band centers and Integration Band Depth Ratios are 
used for mineral identification. With the absence of 1250 
nm absorption feature, the study shows no plagioclase 
detected in the landing site. Their comparative results from 
the reflectance data from VNIS, M?, and Apollo mare 
samples emphasises similar absorption feature near 1000 
nm with a weak absorption feature between 1750-2400 
nm. However the slopes of the reflectance curves for VNIS 
and M? are lower than that of the Apollo samples. These 
differences in the reflectance data from VNIS, M? and 
Apollo samples could be probably due to the differences 
in the spatial coverage, viewing geometry and conditions 
of the samples. Researchers in near future will work to 
emphasise further improvement in the quality, refinement 


the data processing and enforcement of photometric cor- 
rection of the VNIS data to derive the detailed in situ 
measurements from the lunar surface. 


The electronics box | 
Yutu rover on Moon and its onboard instrument 


Source: http://www.sciencedirect.com/science/article/pii/ 
$0019103514001808 


Life support in Earth’s Deep Crust: Another 
clue for possible life on Mars 

The search for potential life is one of the long standing 
explorations. The life we know is found on surface, sub 
surfaceand deep ocean ecosystems.The subsurface micro- 
bial ecosystems can be of two forms; 1) the ecosystem that 
thrives from the energy produced by sunlight and photo- 
synthesis which gets filtered to the deep crust and 2) the 
deep microbial biomes that consume chemical energy such 
as hydrogen for sustaining life. The immediate question is 
about finding the source of hydrogen that supports life. In 
general, the two chemical reactions that produce the hy- 
drogen gas are; 1) Radiolysis -the natural radioactivity that 
could split water molecules in the rock to form hydrogen 
and oxygenand 2) Hydration the hydrogen produced from 
the water-rock interactions near hydrothermal vents and 
sea-floor spreading centres. The Geoscientist from Univer- 
sity of Toronto, searched for the deep crust life zones by 
measuring hydrogen production estimation from 200 bore- 
holes at 32 mining sites across Canada, South Africa and 
Scandinavia where the oldest parts (~550 Ma- ~4.6 Ga) of 
Precambriancontinental lithosphere are preserved. The an- 
nual hydrogen production estimates from the ancient deep 
crust is roughly 100 times more than the values previously 
thought and are comparable to the energy produced from 
hydration and radiolysis reactions. The study impacts a 
massive change in the perception of source of life on Earth 
because, interestingly more than 70% of the continental 
crustal rocks date back to Precambrian times. This study 
could be extended to understand the Martian life by drilling 
the thick ancient continental Earth cratons those resembling 
the Martian geology.This is the era of microbiologists to 
study the deep crust life forms and it is essential to under- 
stand the early life of Earth that could be extended to Mars. 
Source: http://www.nature.com/nature/journal/v516/ 
n7531/full/nature14017.html 
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» Tales from Martian meteorite 


Link:http://www.sciencedaily.com/ 
releases/2014/12/141222165037.htm 


Elusive Europa plumes, hunt continues! 
Link:http://www.jpLnasa.gov/news/news. 
php?feature=4417 


Martian dust devil needs stronger updraft 
Link: http://www.sciencedaily.com/ 
releases/2014/12/141218154454 htm 


Anew THEMIS map of Mars 
Link: http://www.sciencedaily.com/ 
releases/2014/07/140716141333.htm 


Hydrogen rich water at underground around Earth 
Link: http://media.utoronto.ca/media-releases/ 
ancient-hydrogen-rich-waters-discovered-deep-under- 
ground-at-locations-around-the-world/ 


Did ancient earth cooked water by itself! 
Link: http://news.osu.edu/news/2014/12/17/ 
study-hints-that-ancient-earth-made-its-own- 
water%E2%80%94geologically/ 


Asteroids not only wiped out dinosaurs! Is it? 
Link: http://www.sciencedaily.com/ 
releases/2014/12/141217101314.htm 


Evolution of stars differs, but how much? 

Link: http://www.kavlifoundation.org/kavli-news/sur- 
prising-theorists-stars-within-middle-aged-clusters- 
are-similar-age#. VJ63bSMLDXB 


Solid exoplanets may be distorted by the gravity of 
its own star 

Link: http://mnras.oxfordjournals.org/ 
content/446/4/4271 


Huge storms on Uranus puzzles astronomers 
Link: http://www.space.com/27770-extreme-uranus- 
storms-puzzle-astronomers.html 


Planets hidden inside the dust halo 
Link: http://planetquest.jpl.nasa.gov/news/171 


Ice giant planets in another solar system 
Link: http://iopscience.iop.org/0004-637X/795/1/42/ 


Sun burn on Jupiter made the red spot! 
Link: http://saturn.jpl.nasa.gov/news/newsreleases/ 
newsrelease20141111/ 


An Oceanographic Exploration of the 
Outer Solar System 


Introduction: 

Among the major celestial bodies of the Solar System, 
the presence of an ocean, abounding with marine flora, 
fauna and sloshing waves, so far has been constrained in 
the planet Earth only. Astronomical progresses in space 
technology have allowed rapid observations of our space 
environment to reveal the presence of myriad oceanic like 
features throughout the Solar System. These ‘planetary 
oceans’ are mostly detected on the satellites of the out- 
er planets. Recent technological advancements in space 
observations shifts focus now from an ocean’s terrestrial 
inheritance so far to acquire a planetary dimension. The 
purpose of the following delineation is an assimilation of 
the status of planetary oceans detected so far. The exo- 
biological implications and evolutionary aspects of atmo- 
spheres on satellites harboring subsurface oceans are also 
discussed. 


Planetary Oceans Abounds in the Solar System: 

The Sun, one among billions of stars forming a galaxy, 
provides energy to sustain dynamics of the Solar System. 
The planets outside Earth’s orbit, starting with the Mars, 
are termed ‘superior planets’. The eight planets on the So- 
lar System together are endowed with ~ 178 natural satel- 
lites as on today. Recent space explorations have detected 
and confirmed the presence of water bodies in some of 
the planetary satellites of the Solar System. These water 
bodies are observed to exist on the surface favoring air- 
sea interaction, while on some as subsurface, sandwiched 
between the crust and the core. The terrestrial ocean be- 
ing just one among these planetary oceans, the Earth has 
already lost the peculiarity of being the only planetary ob- 
ject holding an ocean in the Solar System. However, life, 
with all its charm as we sense, exists only on the Earth. 
Let us have a quick voyage through the planetary oceans 
in the Solar System. 


Oceans inside the Jovian Satellites: 

As of present, the Jupiter consists of ~67 known natural 
satellites. Among them, Io, Europa, Ganymede and Calli- 
sto are the most massive objects. These satellites are also 
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known as the Galilean Satellites (Fig.1), named after Ital- 
ian astronomer Galileo Galilei, who discovered them on 
Jan. 7, 1610. Europa, Ganymede and Callisto currently 
hold the prospect of harboring planetary oceans. The larg- 
est satellite in the Solar System, Ganymede (2631.2+1.7 
km) even exceeds the size of Mercury and Pluto. Europa 
(radius= 1560.8+0.5 km) is the second largest among the 
Jovian satellites, and the sixth largest moon in our So- 
lar System. Callisto (2410.341.5 km) is the third largest 
moon in the Solar System, next to Titan. 


Europa: After Galileo Galilei’s discovery, breakthroughs 
began to pour during the fag end of 1950s. Infrared spec- 
trometer tracings (up to 2.5 micrometres) of the Galilean 
satellites, by Gerard Kuiper (1957) at McDonald Obser- 
vatory, run by the Yerkes Observatory of the University 
of Chicago, could identify the presence of snow (H,O) on 
the surface of Europa. Later, Clark (1980) found that the 
reflectance spectra are indeed characteristic of water ice. 
This work also found a spectral asymmetry, and prospect- 
ed that a mixture of water ice and other minerals might 
cause it. An explanation for the presence of asymmetric 
bands is now proposed due to hydrated salts (McCord et 
al., 1999). The “endogenic’ upwelled material from a sub- 
surface ocean is regarded the source of these hydrated 
salts. 


During 1970s, Voyager duo revealed the surface of Euro- 
pa crossed with bands, ridges and cracks. Streamed data 
pointed out that the patterns of the longest features on the 
surface did not fit with models of ‘global stresses’ induced 
from tidal interactions with Jupiter, but with a non-syn- 
chronous rotation model. This can occur only when the 
icy surface slowly migrate with respect to the tidal axis. 
This mechanism too warrants the presence of a ductile 
layer between the surface ice and the interior. Geological 
evidences such as the cracks in the icy crust observed as 
separated and ductile dark icy material appeared to flow 
into the open gaps. The surface being devoid of large im- 
pact craters imply cryovolcanism in operation, in erasing 
them. On Europa, along with cryo-volcanism, resurfacing 
(Squyres et al., 1983) is known to occur. These mecha- 
nisms can expose the subsurface oceanic composition 
to the surface. These ‘endogenic’ upwelled subsurface 


Figure 2: Water Plumes from Europa. This graphic 
shows the location of water vapour detected over Eu- 
ropa's South Pole that provides the first strong evidence 
of water plumes erupting off Europa's surface, in ob- 
servations taken by NASA's Hubble Space Telescope 
in Dec. 2012. 


oceanic compositions may subsequently intersperse with 
the ‘exogenic’ materials arising from the nearby space 
environment, and constitutes the surface composition of 
Europa. 


An Ocean persists, and the picture of Europa having an 
‘interior with a thin ice cover’, or alternatively an ‘inte- 
rior with a thick ice cover’, was completely altered by 
the Galileo Mission’s measurement of the external gravi- 
tational field. Synthesis of all the available theoretical 
modelling and observational data suggests Europa has 
a small metallic iron core, a thick mantle made of rock, 
and a crust made mostly of water ice-liquid. The com- 
bined results of three independent estimates of Europa’s 
crustal thickness suggest a uniform present-day shell 
thickness close to 25 km (Nimmo et al., 2003). The re- 
markable fact is that compared to the average depth 3.8 
km of ocean’s on Earth, Europa’s subsurface ocean is al- 
most of an enormous 100 km. The tidal flexing due to 
gravitational pull of Jupiter maintains the liquid ocean be- 
neath the icy crust of Europa. During Nov. and Dec. 2012, 
NASA’s Hubble Space Telescope has observed hydrogen 
Lyman-a and Oxygen O1 130.4 nm emissions above Eu- 
ropa’s South Polar Region, persisting for more than 7 
hours, in same geographical area. The deduction is con- 
sistent with water plumes (Fig. 2) erupting as high as 200 
km altitude. These plumes clearly indicate that at least 
some of the water from the ocean reaches the surface. 


Ganymede: Among the solid bodies in our Solar System, 
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the Ganymede has the smallest axial moment of inertia 
(0.3105 + 0.0028). This parameter indicates that the den- 
sity increases with increasing depth, which reveals that, 
just like the Europa, Ganymede too is a fully differen- 
tiated planetary body. Differentiation occurs due to the 
physical or chemical behavior of various constituents of 
planetary object, out of which compositionally distinct 
layers are evolved. The denser materials sink to the cen- 
tre, while less dense materials rise to the surface in due 
course resulting in the formation of the core and man- 
tle. Accordingly, the modelling studies (Schubert et al., 
2004) revealed that the interior structure consists of core, 
mantle and a crust comprising of ice layer. The core is 
considered as the most plausible site for the generation 
of large intrinsic magnetic field. On the surface of Gany- 
mede, Gerard Kuiper (1957) could identify the presence 
of snow (HO). This was later confirmed by Moroz (1966) 
that water ice as the best explanation for Ganymede’s 
spectrum, and Pilcher (1972) succeeded in ruling out 
contribution from other ices, such as carbon dioxide and 
ammonia. A surface consisting of dark terrain, separated 
by swaths, and regions of bright terrain is what Voyagers 
revealed of Ganymede. The bright terrains are composed 
of water ice, while dark terrain consists of water ice with 
a greater percentage of dark contaminant. 


Galileo’s Near-Infrared Mapping Spectrometer (NIMS) 
suggested that the contaminant consists of hydrated ma- 
terials. These materials too are interpreted to be similar to 
those found on the Europa, that is, mostly brines derived 
from a subsurface ocean layer. This scenario is consistent 
with the interpretation of results from the Galileo magne- 
tometer investigation, suggesting the presence of a con- 
ducting fluid layer just beneath the surface. Thus, Gany- 
mede, like Europa, too has large fluid regions beneath, 
formed by the complete separation of Ganymede’s icy 
crust. Ganymede’s ocean has a mean thickness 100 to 500 
kilometres, starting at a depth of about 200 kilometres. 
Natural radioactivity (Baker et al., 2005) in the interior 
likely provides enough heat to maintain subsurface ocean 
at that depth. The brine can make its way to the surface by 
eruptions through cracks; these are happening at Arbela 
Sulcus. A recent analysis, taking into account the effects 
of salt, suggests that the Ganymede might have a stack of 
several ocean layers separated by different phases of ice, 
with the lowest liquid layer adjacent to the rocky mantle 
below. 


Callisto: A highlight of the NASA’s Galileo mission is the 
detection of magnetic field perturbations in one of the Ju- 
piter’s satellite, Callisto. These perturbations are induced 
by the temporal variations of the Jovian magnetospheric 
field. The presence of a subsurface ocean, with conduc- 
tivity similar to terrestrial seawater, is the apt interpre- 
tation for the situation. For Callisto, further evidence is 
obtained from the concentric and radial fracture pattern 
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of impact basins Asgard, Utgard and Valhalla. However, 
like the other Galileans, Callisto does not involve in or- 
bital resonance, and hence does not undergo appreciable 
tidal heating. Unlike other Galileans, owing to a moment 
of inertia incompatible with complete separation of rock 
from ice in its interior, the Callisto is regarded as an un- 
differentiated object. Presently, the Callisto even does not 
show the presence of any endogenic activity, lacks an in- 
trinsic magnetic field (Jia et al., 2010). Still, the presence 
of an ocean is a clear surprise. 


Oceans inside the Saturnian Moons: 

Saturn, situated at an orbital distance of 9.54 A.U., has 62 
natural satellites. Among them, Titan, Enceladus and Di- 
one are the likely candidates harboring water bodies. Ti- 
tan (radius= 2574.73+0.09 kilometres) is the second larg- 
est moon in the Solar System. Enceladus (252.10+0.10 
kilometres) is the sixth-largest moon of Saturn. Dione 
(561.70+0.45 kilometres) is the 15" largest moon in the 
Solar System. 


Titan: Titan has long been proposed to harbor oceans or 
lakes. Definitive evidence was yielded by the Cassini Ra- 
dar flyby on July 22, 2006. The radar imaging polewards 
of 70° north shows more than 75 circular to irregular ra- 
dar-dark patches. These features are expected in a region 
where liquid methane and ethane are supposed to be abun- 


Figure 3: Water Plumes from Enceladus. Individual 
jets spurting ice particles, water vapor and trace or- 
ganic compounds from the surface of Saturn's moon 
Enceladus. Image Credit: NASA/JPL/Space Science 
Institute 
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dant and stable on the surface. Based on morphological 
similarities to lakes, and very low radar reflectivity, the 
radar-dark patches are interpreted as the presence of lakes. 
However, some of the lakes do not completely fill the 
depressions in which they lie, indicating the presence in 
different states, such as partly dry and liquid-filled. How- 
ever, significant fractions of the northern high latitudes 
are covered by filled and empty lakes; the same latitudes 
in the southern hemisphere are largely devoid of such fea- 
tures. The lakes in the northern hemisphere also vouch 
the strongest evidence that a condensable-liquid hydro- 
logical cycle is active in Titan’s surface and atmosphere. 
The lakes are filled through rainfall and intersection with 
the subsurface ‘liquid methane’ repository. In addition to 
known seasonal changes, the observed difference in lake 
distribution might be caused by an asymmetry in the sea- 
sons on Titan that results from the eccentricity of the orbit 
of Saturn around the Sun. Consequently, the hemispheric 
difference in the balance between evaporation and pre- 
cipitation could lead to an accumulation of lakes in one 
of Titan’s hemispheres (Aharonson et al., 2009). This ef- 
fect would be modulated by, and reverse with, dynamical 
variations in the orbit. The resulting hydrologic cycle is 
estimated to have a period of tens of thousands of years 
and leads to active geologic surface modification in the 
polar latitudes. 


Enceladus: The moment of inertia of Enceladus is sug- 
gestive of a differentiated body, with a rocky core, about 
200 km in radius. A water layer between the icy crust and 
the core might cover the entire moon, or more probably 
exists as a regional sea in just the southern hemisphere. 
Even though, Voyagers have captured the initial imagery, 
startling discoveries has arisen during the Cassini mission 
in 2005 only. Cassini’s UltraViolet Imaging Spectrograph 
confirmed the existence of water-rich plumes consisting 
of organic molecules and salts venting out (Fig. 3) from 
tiger stripes in the south polar regions. So far, Cassini has 
observed almost 101 liquid jets. Evidences surmount that 
the likely source of this plumes is a 10-kilometre-thick 
layer of liquid that covers much of Enceladus’s southern 
hemisphere. Some of that water pushes upward, and out 
through cracks in the ice shell of moon, carrying organic 
molecules onto the surface and into space. These plumes 
and presence of very few craters near south polar regions 
reveal a geologically active moon even now. These ac- 
tivities are supposed to be triggered by the tidal heating 
due to the proximity to Saturn. Determination of the qua- 
drupole gravity field of Enceladus and its hemispherical 
asymmetry using Doppler data indicate the presence of a 
negative mass anomaly in the south-polar region, largely 
compensated by a positive subsurface anomaly compat- 
ible with the presence of a regional subsurface sea at 
depths of 30 to 40 km and extending up to south latitudes 
of about 50°. Because of a depression in the southern 
hemisphere, a weaker gravitational field was expected, 
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than at the north. However, that was not observed, and the 
plausible explanation is the presence of something denser 
than ice, and proposes a layer of water beneath. 


Dione: The imagery captured by the NASA’s Cassini, of 
Janiculum Dorsa (Fig.4), an 800 km long mountain, re- 
veals the Dione as a geologically active body now and 
during the past. Janiculum Dorsa ranges in height from 
about one to two km. The crust of the moon appears to 
pucker under this mountain as much as about 0.5 km. This 
bending of the crust suggests the icy crust was warm at 
some time in recent history. The best explanation for such 
behavior is the existence of a subsurface ocean under the 
mountain during its formation. 


Oceans inside the Uranian Moons: 

Ariel: Uranus, situated at a mean distance of 19.19 A.U., 
has 27 natural satellites. Among them, the regular Ariel 
has a radius of 578.940.6 km. Rendered geologically ac- 
tive by cryovolcanism, Ariel also harbors a subsurface 
ocean. Estimation of tidal heating shows its effect five 
times greater on Ariel than Enceladus. In addition, both 
moons contain a relatively large amount of rock, which 
generates heat through the decay of radioactive elements 
within it. Heat from the rock would increase the internal 
temperature of Ariel to the point where ice would be soft 
enough to respond to tidal flexing. 


Oceans inside the Neptunian Moons: 


pare 4: sanlkne Dora pte Credit: NASA/JPL- 
Caltech/SSI/Brown 
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Triton: Neptune, situated at amean distance of 30.00 A.U., 
has 14 natural satellites. Among them, the irregular Triton, 
situated at 30.058 A.U., is the largest (radius=1353.4+0.9 
km). Orbiting at 14.33 Neptune Radii (RN), Triton has an 
orbit almost exactly circular, and shows the peculiarity of 
retrograde motion in their primary’s equatorial plane. After 
Triton was captured into Neptune’s orbit, the energy from 
the tidal heating could melt areas of subsurface, creating 
an ocean beneath the icy shell of the moon. In addition, 
being a rock-rich body, the heat released by the decay of 
U, Th, and 40K in its rocky core could initiate solid-state 
convection in its icy mantle (Pater and Lissauer, 2010). 
The heat flow is sufficient to maintain an internal ocean. 
Thus, tidal dissipation and radiogenic heating is supposed 
to maintain the ocean on Triton. The ocean is estimated at 
a depth of 1100 km, sandwiched between ice shell con- 
sisting of Ice 1, and Ice 2/3 forms. Presently, NH,-rich 
ocean is envisaged to exist beneath the icy shell. That the 
icy shell is composed of nitrogen ice was confirmed by 
Voyager 2. Later, spectral absorptions indicating the pres- 
ence of CO, CO,, CH,, N, and ethane ice are observed on 
Triton (Lellouch et al., 2010). Presently, Triton is the only 
Neptunian satellite endowed with an ocean. 


Astrobiological Implications: 

For all the eight natural satellites considered, definite 
multiple evidences exists for the presence of ocean. Pres- 
ently, subsurface ocean exists on Europa, Ganymede, Cal- 
listo, Dione, Ariel and Triton. On Titan and Enceladus, an 
open ocean with whole scope for air-sea interaction ex- 
ists. These are regarded as the candidate planetary objects 
where hope and probability of finding some form of life 
could exist. 


Scope for Evolution of Planetary Exospheres: 

On those natural satellites harboring a subsurface ocean, 
and residing completely within the primary’s magneto- 
sphere, an exosphere is evolved due to sputtering. Sput- 
tering is the process of ejection of surface constituents due 
to the momentum exchange from magnetospheric plasma 
and charged particles. The exosphere could also have ele- 
ments derived from oceanic composition. Therefore, an 
indirect method to assess the oceanic composition is de- 
tection of atmospheric constituents. 
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Venus —so near yet so far 


Fairly bright, Venus is visible at dawn and dusk as a 
prominent object in the sky. Many different names were 
attributed to Venus and several stories were woven around 
it by ancient civilizations providing evidence for an interest 
in this bright object. 


The phases of Venus were first measured through telescopic 
observations by Galileo in 1610 which also confirms its 
passage behind the Sun. Cassini’s observations showed that 
the albedo varied across the disk. Venus transit is one of 
the important historically recorded events where specific 
expeditions were planned for observations in favourable 
conditions. The diameter of Venus was thus determined 
very early in the history of astronomy. 


Figure 1: Venus appears calm and serene to the naked 
eye but nothing is far from the truth (Source: http:// 
space-facts.com/venus/) 


We had to wait until the space age to glimpse the hostile 
surface that lie behind the thick cloak of clouds. Mariner 2, 
the first successful flyby mission measured the surface tem- 
perature to be 428°C under the cloud cover. Subsequently, 
the soviet programmes Venera and Vega unravelled the 
atmospheric structure, surface conditions and composition 
using orbiters , descent probes and landers. 


Venus is a feminine god in most cultures ex- 
cept in India where HE is the son of Bhrigu. 


The International Astronomical Union (LAV), 
the governing body for planetary and satel- 
lite nomenclature, decided to name all sur- 
face features on Venus with a feminine name 
from the ethnic cultures around the world. 


A volcanic plateau is named after the Hindu 
goddess of prosperity Lakshmi (Lakshmi planum) 
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One day on Venus is longer than a year! 


When all the planets go around the Sun in a counter- 
clockwise direction, Venus goes clockwise (when viewed 
from above the solar system) 


The surface temperature on Venus is around 470 deg C, 
enough to melt lead 


You don’t need a pressure cooker on Venus. The surface 
pressure is 92 bars 


Venus does not have a magnetic field 


There are no seasons on Venus! 


The Pioneer Venus Orbiter (PVO) launched in 1978 carried 
an impressive suite of sixteen instruments which revolu- 
tionized our understanding of Venus. Further, Magellan 
launched in 1989 mapped Venus surface using a synthetic 
aperture radar (SAR) with a resolution of the order of a 
hundred meters. European Space Agency’s (ESA) Venus 
Express is orbiting Venus since 2006 equipped with seven 
instruments and has revealed a wealth of information 
especially on the atmosphere of Venus. The Japanese 
spacecraft Akatasuki having missed orbit insertion in 2010 
is planning to give another try in 2015. 


At this juncture it is important to pause and reflect on what 
we have learned so far, identify what are the major open 
questions and what can be done to answer those. 


Figure 2: Venus surface as seen by Venera landers 
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Behind the veil: 


As thick clouds hide the Venus surface from any curious 
observers, very little can be gathered from spectrometry in 
the UV-VIS-IR region of the electromagnetic spectrum. It 
is only with a radar that we can map the surface of Venus. 
Much of our knowledge of the Venus surface today comes 
from the SAR on Magellan. 


The surface of Venus is mostly smooth and has many 
features that are seen on Earth: canyons, volcanoes, lava 
flows, rift valleys, mountains, craters, and plains. Geologi- 
cal terrains namely tesserae (highlands) cover ~ 10% of 
the surface and are in general the oldest regions. Most of 
the Venus surface is young with an average surface age 
of 300-500 m.y. This means that a major re-surfacing has 
happened on Venus probably due to volcanism that has 
buried evidences about its past. Contrary to this, Moon and 
Mercury reveal surfaces billions of years old whereas our 
own planet has changed in a major way primarily because 
of the biosphere. 


Continental masses like Isha Terra in the northern hemi- 
sphere and the Aphrodite terra that extends to about 1400 
km are some of the major surface features. Venus has 942 
craters that are distributed nearly at random. Surface ap- 
pears mostly unaltered implying very low weathering rates. 
The thick atmosphere prevents projectiles from reaching 
the surface to a large extent. Volcanic lava flows also bury 
craters from the view. 


The Venera and Vega landers have provided ground truth 
images revealing a varied surface with abundant sediment. 
The origin and age of these is a mystery. Usually the in- 
ternal structure of a planet is decoded from its moment of 
inertia (MOJ). But as Venus rotates very slowly (243 Earth 
days), it is highly spherical with no bulge at the equator and 
therefore MOI cannot be measured easily. Hence we do not 
know much about the interior of Venus. However as the 
size, mass and bulk density are similar to that of Earth, it 
is believed that Venus may look like Earth deep inside. 


Venus is a lot more interesting and dynamic than once 
thought but new data are needed to understand and quan- 
tify the rates of geological activity. Efforts with ground 
based radio telescopes are also underway including data 
using the Giant Metrewave Radio Telescope (GMRT) in 
Pune by a group at the Space Physics Laboratory (SPL), 
Thiruvananthapuram. 


What is Venus made of ? 
The mean density of Venus is 5.24 g/cm?, very close to 
Earth’s value of 5.52 g/cm?. So we can start off with an 
assumption that the bulk composition of Venus closely 
matches that of the Earth. 
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Figure 3: Volcanic landforms on Venus 


The major elemental abundances in all the five landing 
sites (small cores of the rocks were analysed) are distinct 
from primitive chondritic material and are close to the 
composition of igneous rocks on Earth. Density of the 
rocks (2.8 g/cm?) measured at the Venera 10 landing site 
also suggests that they are igneous. FeO of Venus basalts 
(~ 8%) is like primitive Earth mid-ocean ridge basalt 
(MORB). Evidences point towards an Earth like mantle 
composition and comparable core size. Venus is indeed 
Earth’s twin atleast geo-chemically. 


We need global data on the surface chemistry of Venus 
which unfortunately is not easy to get. Remote sensing 1s 
not possible as the atmosphere blocks radiation except in 
very narrow windows for example at 1 um. Future missions 
equipped with very low flying aircrafts with instruments 
that can do active remote sensing have to be explored. 
Landers or rovers so far have had very short lifetimes (of 
the order of a few hours) on Venus surface because of the 
harsh environment. Technology needs to take a big leap to 
realize such missions to last longer. 
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Figure 4: Structure of Venus atmosphere 
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Atmosphere: 

The complex atmosphere of Venus is accessible for mea- 
surements when compared to its hidden surface, yet mys- 
tery shrouds this dynamic environment. The atmospheric 
circulation of Venus was first discovered by tracking cloud 
features in ultra violet images from Earth based telescopes 
in 1960s. The most striking aspect of the atmosphere is 
perhaps the superrotation. The entire atmosphere (above ~ 
5 km to ~ 70 km) superrotates from near surface rates to as 
short as 2.5 days. Interestingly, the rate of the super-rotation 
has increased by 30% over the last six years (using data 
from Venus express: Kouyama et al., 2013; Khatuntsev 
et al., 2013)! 


The atmosphere is divided into three main regions: 


(1) Troposphere (< 50 km) : Mainly composed of CO, 
This is a “Calm” zone as there is almost no wind. 

(2) Mesosphere (50-100 km): There are clouds of H,SO, 
hydrated droplets in this region with the main layer at 
altitudes from 45- 65 km. 

(3) Thermosphere (> 100 km): Mainly composed of CO, 
(96%). Trace gas such as N,, H,O, CO, HCl, HF, SO,, 
SO, OCS, H,CO are also present. 
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Figure 3: Variations in the abundance of SO, in Venus at- 
mosphere over a period of 30 years measured by Pioneer 
Venus and Venus Express (SPICAV) Marcg et al., 2012. 


SO, is akey species in the atmosphere of Venus with a 
probable volcanic origin. But so far no clear evidence of 
recent volcanic activity has been discovered. The amount 
of water in the Venus atmosphere 1s extremely low (< 0.002 
%). Venus is a very dry planet, well atleast it is now. But 
was it always so? 


The green house effect that couldn’t stop 

Venus is closer (0.72 AU) to Sun than Earth so it receives 
more solar radiation. That should make it hotter than Earth. 
But it isn’t really that simple. Using Stefan-Boltzmann law 
and knowing albedo (fraction of radiation reflected), we 
can calculate that the equilibrium temperature of Venus 
would be about -10°C ! A similar calculation shows that 
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Earth’s equilibrium temperature should be -19 °C. But this 
is not the case when the planet has an atmosphere. 


The radiation emitted by the planet is in the infrared part 
of the electromagnetic spectrum which is absorbed by 
certain gases in the atmosphere among which H,O and 
CO, play an important role. Thus the infrared radiation 
emitted from the surface does not escape but is trapped. 
This is the green house effect. 
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Figure 6: A simple model of the green house effect 


Venus and Earth probably started off with similar atmo- 
spheric composition. It is believed that Venus might have 
had oceans in the past. As Venus was hotter than Earth, 
water evaporated in large amounts into the atmosphere. 
It couldn’t precipitate back as the temperature was high. 
Thus the oceans gradually vanished. 


On Earth most of the CO, is locked up in rocks (limestone 
or sedimentary rocks). But this couldn’t happen in the case 
of Venus (again because temperatures are higher, carbon- 
ates eventually release the stored carbon). Concentration 
of green house gases H,O and CO, increases in the atmo- 
sphere which further raises the temperature. This leads 
to a run-away greenhouse effect leading to a hot hellish 
Venus we see today. 


Parameter Venus 
Atmospheric composition 96.5% CO>, 
(major) 3.5% N> 
Mean density (g/cm) 5.243 
Distance to the Sun (AU) 0.72 
Orbital period (days) 224.695 
Surface gravity (Kim/s) 8.87 
Escape velocity (Km/s) 10.4 


Orbital inclination (degrees) 3.4 
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Studying Venus also takes us through a tour of the history 
of a planet which once had liquid water (perhaps) and 
may be even life but unfortunately fell into a loop wherein 
global warming became uncontrollable. Doesn’t this sound 
familiar? Our own planet today faces this threat and Venus 
is one of the best case studies to understand when and how 
global warming might become uncontrollable. 


Around Venus: 

Venus does not have a global magnetic field. The magnetic 
environment around Venus results from interaction of the 
upper atmosphere with the solar wind. The reason for the 
absence of a global magnetic field is not known: it could 
be because of its slow rotation, giant impacts or an early 
death of the dynamo because of rapid cooling. 


Venus has a thin ionosphere which directly interacts with 
the solar wind. Plasma waves were detected by PVO in 
this region. Beyond this is the region termed exosphere 
the extent of which is not well known. Atoms could es- 
cape from this region if they have enough energy. There 
are several processes that can impart energy to exospheric 
atoms leading to their escape into inter-planetary space. 
Thus the atmosphere of Venus (and so is it for Earth and 
Mars) slowly erodes away. 


Venus, Earth and Mars - Siblings: 

About 4.6 b.y ago, when Sun was very young, around it 
formed the planets from the clouds of dust and gas. Venus, 
Earth and Mars were formed with rocky surfaces. The 
initial atmosphere they might have managed to capture 
would have been lost very soon. Later they acquired what 
is known as a secondary atmosphere due to volcanic out- 
gassing and/or cometary impacts. 


Earth Mars 

78% No 95.32% CO, 

21% On 2.5% No, 
1.6% Ar 

5.514 3.933 

1 1.52 

365.242 686.9 

9.8 3), 7/Il 

11.2 5.03 

0.00005 1.85 
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However the evolution of the atmospheres of the three 
planets have taken very different paths. This is one of 
the key problems in planetary science today. Compara- 
tive studies help us understand the evolutionary paths 
which lead to habitability on rocky planets and also to 
pin down candidate systems in other solar systems where 
life thrives. 


The future: 

Interest in Venus is undergoing a revival around the world. 
The revelation comes from the fact that Venus is a perfect 
example of a planet that could have been habitable and 
underwent a dramatic change in its climate leading to 
what we see today. As we discover more and more planets 
around other stars, the possibility of finding a habitable 
planet has suddenly become probable. Understanding how 
rocky planets within our solar system evolved is of primary 
focus in this search for our counterparts. 


India has come a long way since the inception of the In- 
dian space programme in the 1960’s. It has entered the 
foray of planetary exploration in the recent years with the 
Chandrayaan-1 and Mars Orbiter Mission programmes. 
After Mars, can Venus be very far? 
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Black Holes and the Scientific Process 


Arguably, black hole is perhaps the most popular scientific 
term among the lay person. Perhaps it is the phrasing of the 
term ‘black hole’ which appeals to the popular imagination, 
offering some exotic visual of a cosmic object to the mind’s 
eye. Although the prediction of such an object was first 
made in the late eighteenth century[1] it was in the sixties 
of the last century that the study of this class of objects 
entered the realm of mainstream research, chiefly because 
of two developments: first, the birth and rapid progress of 
X-ray astronomy, and second, the discovery of pulsars, 
a class of neutron stars which form the highly dense end 
point in the life cycle of a normal star. The direct evidence 
of the existence of neutron stars elicited the possibility of 
the existence of black holes too which has led to the vast 
diverse body of research work on this subject over the last 
few decades. 


The difference between neutron star (or any other heavenly 
body, for that matter!) and black hole is very fundamental. 
The neutron star has a definite surface whereas for the 
black hole the nature of the surface is very ephemeral, as 
matter can not exist at the surface (or the boundary) of the 
black hole. This boundary of a non rotating black hole is 
known as the event horizon, as photon is unable to escape 
this boundary of the black hole. Hence, no matter can be 
observed inside the event horizon. Therefore this quantity 
is used as the boundary of the object, as well as a measure 
of the size of the black hole. For a rotating black hole the 
structure of the boundary is more complicated with the ad- 
dition of more layers of surface to account for the angular 
momentum of the system. 


1. Black Hole Mass and its Implications: 
The fact that even light cannot escape the pull of gravity 
conjures up an image of extremely dense object. Although 
it is not possible to ascertain a well defined value of the 
density of a black hole, one may obtain a minimum density 
by dividing the mass of the black hole by the volume of a 
sphere whose radius has the dimension of the Schwarzschild 
radius, i.e. the event horizon of a non-spinning black hole, 
given by 
2GM 

c* 


Rsch = 


where G is the gravitational constant and M is the mass of 
the black hole, while c is the velocity of light in vacuum. 
If the sun (with solar mass M, ) was to be compressed to a 


volume defined by the R, re then the lowest density will be 
_ 3c° 
PSchO = 327G3 M2 


The numerical value of the above expression is 1.86 x 10° 
kgm®*, which is typically more than the nuclear density of 


lis) 


atoms (for eg, the nuclear density of gold is 2x10!’ kgm°*). 
Therefore the idea percolates that black holes are the most 
dense objects found in this universe, especially so in the 
popular literature. 


Let us examine this so called lowest density of black 
holes a bit more closely and quantify the values obtained 
under different scale of mass. For a stellar mass black 
hole to exist, the current theoretical models state that 
the mass of the compact object needs to be at least 3/,. 
Therefore for the smallest size black hole, the density, 
which scales as 1/M?(see above), goes down to 2.07x10'® 
kgm? while for a black hole with mass of ten solar mass 
the density obtained is two orders of magnitude less 
than p,.,. and is now comparable to the nuclear density. 


The most massive black holes are found in the centre of 
galaxies (namely the active galactic nuclei— AGN, although 
itis believed that most galactic centres harbour a supermas- 
sive black hole including that of our own Milky Way[2]). 
The mass of these supermassive black holes lie in the range 
of 10°- 10° M, . Hence the density of the most massive black 
hole, typically, reaches a value of 18.6 kgm?. Comparing 
this value with the densities of solid gold (1.932 x 10° 
kgm), water (1 x 10° kgm*) and air (1.23 kgm*) we notice 
that the so called density of the supermassive black hole is 
actually not very high. In fact it is about two orders of mag- 
nitude less than the mean solar density (1.408 x 10° kgm”). 


Also, more importantly, at the mass scale of a supermassive 
black hole, there is no other object that can exist as a stable 
single body other than a black hole. The most massive of 
stars, the O type, even though it is million times smaller 
than the biggest black holes, would have gone through the 
whole life cycle under the burden of its own gravity in a 
few million years,. Hence, the picture that emerges is that 
at a scale of 10° - 10° M,, the most compact objects that 
can exist have a density less than a typical star. Hence, the 
forces that govern the matter-radiation interaction at highest 
scale, ensure that the existence of the most massive of ob- 
jects is availed with a loss of density. Hence, for extremely 
high scale of mass, the density has to fall even for the most 
compact objects, as the density scales with 1/M* where M 
is the mass of the compact object. 


This simple exercise of calculating the average density of 
the different black holes illustrates the power of detailed 
quantitative calculation in forming the picture of physical 
scenarios. This approach is one of the pillars of scientific 
thinking on which the edifice of the scientific understanding 
is resting. Here, the quantitative estimates of the densities 
of the various sizes of black holes allows one to infer that 
the steepness of the gravitational potential of the compact 
object is reduced as one increases the mass of the black 
hole, and by the time one reaches the most massive black 
holes observed the gravitational potential is far less steep 
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than that of our own sun. 


But, despite the drastic reduction in the density and hence 
the resultant gravitational attraction of the compact object, 
light is unable to come out of the event horizon. This im- 
mediately suggests that the nature of spacetime continuum 
plays a much more important role in determining the ability 
of massive objects to escape the gravitational attraction of 
a compact object, which is actually a manifestation of the 
bending of the spacetime continuum in the presence of the 
mass of the compact object. This has important implications 
in the way the black holes impact their immediate neigh- 
bourhood, manifested in the emission from the accretion 
disc around it (see section 3). 


The obvious caveat to the above argument is that the density 
of black hole is ill defined. Without a proper quantum theory 
of gravity it is not yet known what the nature of mass inside 
the event horizon 1s like. In the above calculations it was as- 
sumed that the mass is homogeneously distributed inside the 
event horizon filling up the Schwarzschild volume, which is 
an unqualified assumption to say the least. Specifically, nei- 
ther the effect of the singularity on the constituents around 
it is known, nor can the effect of the changed nature of the 
spacetime continuum on matter inside the event horizon 
be predicted. Nevertheless, the mean value of the density 
obtained above does provide a physical picture at the various 
scales of the mass of the black holes that exist. 


2. Light from Black Holes: 

It is obvious from the nomenclature that no light can come 
out of the black hole, rendering the object to be invis- 
ible, literally. This leads to the conundrum of observing 
a black hole. Hence, despite being a theoretical curiosity 
for nearly two centuries as well as a logical inference of 
Schwarzschild’s solution to Einstein’s field equations[3], 
the realm of black holes remained in the periphery of main- 
stream research. On the theoretical front the emission from 
black holes received new fillip when quantum analysis of 
the spacetime around event horizon showed that radiation 
with spectrum similar to that of black body is emitted by 
the event horizon[4]. This radiation is called the Hawking 
radiation and its spectrum is characterized by a temperature 
which is inversely proportional to the mass of the black 
hole. This briefly raised the hope that an external observer 
may receive high amount of radiation from black holes. 
But despite the development of the very exciting niche of 
black hole thermodynamics[5], the power emitted from the 
Hawking radiation remains abysmally small and below the 
ability of any detector in foreseeable future. 


The classical understanding of the physical picture of black 
holes can be summarized by the ‘no hair conjecture’ which 
states, without a complete formal proof, that the matter when 
crossing the event horizon does so irreversibly such that no 
information about the matter can be leaked out[6][7]. This 
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leads to the famous black hole information paradox which 
contradicts the quantum mechanics paradigm in which a 
wave function that defines a particle will describe it for 
all time, future and past, determined by a unitary opera- 
tor. Even the ability of black holes to radiate via Hawking 
radiation, which is a quantum effect, was unable to resolve 
the paradox unequivocally. In fact, reportedly, there was a 
public bet with Kip Thorne and Stephen Hawking on one 
side and John Preskill on the opposite side, in which Thorne 
and Hawking claimed that general relativity would not al- 
low the black hole to leak any information and the Hawking 
radiation originated outside the event horizon and hence 
would not violate the no-hair-conjecture. On the other hand, 
Preskill argued that the reversibility of the unitary operator 
that determines the wave function of the particles falling 
through the event horizon will alter the general relativistic 
understanding in a way that information will be not be lost. 
Currently the paradox is unresolved [8] although Hawking 
has rescinded his position and argues that the quantum 
fluctuation of the event horizon will cause the black hole 
to evaporate leading to leaking of information. 


This scenario of theoretical understanding is a prime 
example of one of the most important methods of scien- 
tific thinking. In this mode of scientific development the 
theoretical understanding keeps on progressing by virtue 
of the derivation of mathematical results in the hope that 
someday in future the theoretical claims will hold up to 
the experimental and observational scrutiny. This line of 
theoretical development may lead to mathematical situa- 
tion which cannot be rendered a physical justification, and 
the inferential construct of such theoretical models need 
to be scrutinized and accepted by the community. Given 
the current scenario of disseminating information through 
informal channels, viz. blogs, online forums, social network 
and related media which can be manipulated to market 
opinions, the non-specialist needs to learn to apply discre- 
tion while accepting scientific claims. One needs to check 
whether proper rigorous peer scrutiny has been applied to 
the claims and whether the claims fall in the category of 
the scientifically acceptable, theoretically possible or that 
of a mere mathematical oddity. 


A different mode of scientific process is more evident when 
it comes to the indirect observations that lay claim to a 
particular scientific construct like a black hole. The advent 
of X-ray astronomy, just before the era of Hawking and his 
radiation, opened the window to observe the matter falling 
into the black hole. Here it is the observations of unknown 
sources emitting radiation not hitherto observed that drive 
the exploration of new regimes of discovery while theoreti- 
cal models are developed to construct a scientific rationale. 
Such a situation presented itself about half a century ago 
when the very first strong X-ray emission was observed 
from Galactic sources. The paradigm of black holes, neu- 
tron stars (and also white dwarfs) in a binary system with 
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a normal main sequence companion was hypothesized to 
explain the origin of the high energy emission. In such a 
system the compact object, viz. the neutron star or the black 
hole, accretes matter from the binary companion which 
loses its gravitational energy which is emitted out in the 
form of electromagnetic radiation. In the case of AGNs, 
the super massive black hole at the galactic centre accretes 
matter from its environment, predominantly consisting of 
inter-stellar material (ISM) and also the nearby stars and 
the matter being accreted loses its gravitational energy. This 
energy is converted by some physical process (see next 
section) into electromagnetic radiation. Thus, an indirect 
observation of black holes is made possible. 


3. X-ray Astronomy and Accretion Process: 

An X-ray photon is a quantum of electromagnetic radiation 
with an energy, to an order of magnitude approximation, 
some 1000 times greater than that of optical photons. Tradi- 
tionally, the soft X-ray band is defined as the energy range 
0.5 — 12 keV (corresponding to wavelength of 25-1 A), the 
hard X-ray extends to 50 keV and the energy range beyond 
it tilla few MeV is regarded as soft gamma-rays, although 
this classification is not very stringent. X-ray astronomy 
pertains to the observation of the sky in this regime of the 
electromagnetic spectrum. The study of cosmic sources at 
these high energies of X-rays and soft gamma-rays began 
only in the early 1960’s, after the serendipitous discovery 
of the low mass X-ray binary (LMXB) Sco X-1, which 
houses a neutron star (the compact object) and a low mass 
optical companion in the main sequence. The most com- 
mon physical phenomenon that gives rise to emission in 
the X-ray band is accretion of matter onto compact objects. 
This process involves accumulation of diffuse gas or matter 
onto the compact object under the influence of gravity, and 
is expected to be responsible for the observed properties 
of a wide range of X-ray sources from X-ray binaries to 
AGNs. 


A mass m being accreted to a body of mass M and radius R 
will lose potential energy (GMm)/R, which, if converted 
to electromagnetic radiation, will cause the system to have 
a luminosity of 
n= GMm _ 1 wie Rsch 
R y 


where €= 1/2 (R,,,/R) gives the efficiency of converting 
the gravitational energy dissipated and lost in the electro- 
magnetic radiation via the accretion process. Thus the 
efficiency of energy conversion due to accretion simply 
depends upon the compactness of the accreting body. A 
white dwarf star with M=M,, R,,, =3 x 10*mand R~5 
x 10°m corresponds to = 3 x 10¢m. Correspondingly 
for 1 M, neutron star with R= 15 km the efficiency € = 
0.1 (the efficiency for nuclear burning in neutron stars is 
only € = 0.007 ), and for black holes € ranges from 0.06 
(Schwarzschild black hole) to 0.426 (maximally rotating 


ie 


=€ mc? 


Kerr black hole). Thus, black holes, particularly, maximally 
rotating ones, are the most powerful energy sources in the 
universe and accretion is the mechanism by which the en- 
ergy is released. Despite this high efficiency of emission 
of electromagnetic energy, the balance between the out- 
wardly directed radiation pressure (obtained from Thomson 
cross-section) and inwardly directed gravitational pressure 
limits the luminosity to a limiting value, called Eddington 
luminosity, which is given by 


27 Sch Np 3 ‘ M 
bg = Me _ 13 x10 (=) -w 
OT Mo 


It should be noted that this is derived assuming spherically 
symmetric geometry. Thus, for a stellar mass black hole 
with, typically, amass of 10 M, the maximum luminosity 
observed should be of the order of 10*° erg, whereas for the 
AGNs (M ~10° - 10° M,) that limit is 10“ - 10%’ erg/s. It is 
possible to exceed the Eddington limit by adopting a dif- 
ferent geometry, but not by a large factor. Further, the limit 
applies to steady-state situations and in none steady-state 
situations like supernova or the dwarf novae explosions the 
Eddington limit can be exceeded by a large margin. 


The different densities of the black hole systems manifests 
in different steepness of the gravitational potential of the 
compact object. This results in the accreting matter giving 
rise to different spectra such that the thermal emission of 
the accreting matter peaks at different wavelengths. For the 
stellar mass X-ray binary systems the temperature peaks 
in the X-ray band while for the less steep gravitational 
potential of the supermassive black holes the spectra peaks 
in the ultraviolet (or at times the optical) band. 


An additional interesting observational feature seen in these 
sources is that accreted matter is more often than not ejected 
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Figure 1: An artist’s image of a X-ray binary sys- 
tem. (The image is reproduced under the condi- 
tions of the GNU Free Documentation License). 
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out in the form of a jet perpendicular to the accretion disc. 
In fact the observations in the radio band, of outflowing 
conical jets from the core of the galaxies, often exhibiting 
superluminal (with apparent velocity greater than that of 
light) expansion, were reported before the phenomenon 
of accretion was inferred from the observational studies. 
Historically this happened for the extra-Galactic sources. 
Quasars, a sub-class of AGNs, were discovered in the radio 
band of electromagnetic radiation during the era of the very 
early discovery of X-ray sources which were subsequently 
identified to be accreting supermassive black holes (10° - 
10° M,) with outflows in the form ofa jet observable in the 
radio band by virtue of the physical process of synchrotron 
emission. Therefore a paradigm of accretion being related 
to ejection had gradually developed, although the outflow 
was not observable in the radio quiet AGNs. The discovery 
of Galactic X-ray binaries exhibiting (superluminal) radio 
jets, with both physical and temporal (variability) scale 
roughly at 6 orders of magnitude less than those of quasars, 
led to the notion of ubiquitous presence of outflow in the 
form of collimated jets in accreting black hole systems and 
low magnetic field ( < 10° G) neutron stars, lending them 
the terminology of microquasars. 


The spectral analysis of the emissions from these sources 
show that in addition to the thermal emission from the in- 
falling matter (normally following the geometrical form of 
a disc, hence the terminology of accretion disc) a highly en- 
ergetic optically thin region also exists inside the truncated 
accretion disc giving rise to high energy non-thermal emis- 
sion. Hence, the outskirts of the black holes provide the 
unique laboratory in the universe where matter-radiation 
interaction at the highest energies is observable. 


The physical processes that cause the electromagnetic 
radiation from these systems involve the acceleration 
(positive or negative) of the charged particles due to the 
presence of electric and/or magnetic fields. The processes 
are, namely, Bremsstrahlung, Synchrotron, in addition to 
the scattering process of Comptonization. The emission 
behaviour, manifested in the emission spectrum, depends 
on the nature of the electron distribution in the accretion 
medium. Thus, the thermal and/or the non-thermal distri- 
bution of the electrons are of paramount importance in the 
emission process. It may be noted that the thermal black 
body emission is one of the most important component in 
the spectra of the emitted light from these accreting system 
and is used as a diagnostic of the effective temperature of 
the system. Also, it needs to be noted that the process of 
synchrotron, where the electrons are accelerated by the 
magnetic field, is observed in the emission from the outflow 
of the system. 


4. Superluminal Motion: 
Among the various different physical phenomena seen in 
these sources, we will mention the most interesting one, 
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Figure 2: The observation of superluminal motion in 
the microquasar GRS 1915+105 from the MERLIN 
radio observatory. The two lobes appear to move apart 
with a velocity greater than that of light. (The image is 
produced under the Creative Commons 3.0 license[11]). 


namely, the superluminal motion. Due to the geometrical 
effects at high velocity, the outflowing jet appears to be moy- 
ing at a velocity greater than that of light[9]. This optical 
illusion is rarely visible as it requires the combination of 
energetics of the system and the orientation of the expand- 
ing jet very near the line of sight. The extreme velocity is 
possible only if the central engine driving the system has 
the high compactness at the given scale of mass. The in- 
teresting aspect to be considered is that the features of the 
superluminal motion remains similar for both the extremes 
of black holes, stellar massive and supermassive. 


An enthusiast, seeking to learn more of the observed studies 
of the phenomenon of superluminal motion, may follow 
two sources, 3C273 (AGN) and GRS 1915+105 (Galactic 
X-ray binary). Both these sources exhibit superluminal 
motion, and the time scale of the motion of the material 
on the plane of sight, is an indicator of the relative scales 
of the mass of the two objects. In Figure 2 the separation 
of the ejected blobs of GRS 1915+105 is measured over a 
few days, whereas for 3C273 the separation measured over 
much lower scale is measured over few years[ 10] 


5. Scientific Process: 

In this article we have explored the power of the scientific 
process which not only enables us to explore invisible ob- 
jects like the black hole but also extends our understanding 
in other spheres related to the core topic. Perhaps the most 
important aspect of the scientific process is to maintain the 
balance and consistency of the scientific construct, which 
the philosopher may refer to as harmony. Thus, the scientific 
process succeeded in converting an exotic theoretical 


Volume -5, Issue-1, Jan 2015 


object into a regular research material, and in the process 
created a connection of physical phenomena across a 
physical dimension spanning six orders of magnitude. 
This search for balance, consistency and harmony in the 
processes and constructs of the universe is not a very 
recent phenomenon, but what is fairly recent is the use of 
quantitative measurements in developing the understand- 
ing of the underlying process in a physical system. The first 
such successful attempt was that of Nicolas Copernicus’s 
heliocentric model of the solar system[12]. As Thomas 
Kuhn puts it, “The sum of evidence drawn from harmony 
is nothing if not impressive. But it may well be nothing. 
“Harmony” seems a strange basis on which to argue for 
the Earth’s motion, ... Copernicus’s arguments are not 
pragmatic. They appeal, if at all, not to the utilitarian sense 
of the practicing astronomer but to his aesthetic sense 
and to that alone.”[13] Copernican approach to explain 
the observation of the inferior planets and the retrograde 
motion of the superior planets produced a simpler model 
that seemed to predict the observations as opposed to 
Ptolemy’s model which was only accommodating the 
observations by introducing inharmonious complexities 
in the system. Similarly, the black hole is not without its 
controversies, in fact it is one of the most controversial 
topic of research since its introduction, but the scientific 
process of balancing our understanding consistently will 
continue to persevere and guide us to newer horizons of 
knowledge. 
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Crystallization of Silicate Melt Droplets under 
Non-Contact conditions: Pathway for understand- 
ing Chondrule Formation in Early Eolar System 


Understanding the formation mechanisms of early solar 
system has been an area of deep interest in the scientific 
community for quite some time now. It is believed that 
the solar system was formed when a cloud of gas and dust 
in space was disturbed, possibly by the explosion of a 
nearby star, a phenomena often known as supernova. The 
sequence of events has been pictorially depicted in Fig. 1. 
The explosion led to the creation of waves in the space that 
subsequently squeezed the already existing cloud of gas 
and dust. Due to squeezing, the cloud started to collapse as 
gravity pulled the gas and the dust together, thus forming 
a solar nebula. Eventually, the cloud kept on getting hotter 
and denser in the center, with a disk of gas and dust sur- 
rounding it that was hot at the center but relatively cooler 
at the edges. As the disk kept on getting thinner, particles 
began to stick together and started forming clumps. Some 
clumps got bigger, as particles and small clumps stuck to 
them, eventually forming planets. As the cloud continued 
to fall in, the center finally got so hot that it became a star 
and is known as the Sun. Meteorites that reach the earth are 
fragments of smaller bodies and represent material from the 
early phase of the solar system. Chondrules are the most 
significant components of a given primitive meteorite. 
Since chondrules are ubiquitous, it is widely believed that 
these are a major source of information about the history 
of early solar system. 


Chondrules are small (sub-millimeter to millimeter- 
sized) silicate spherules, which consist mainly of 
Mg,SiO, (forsterite) and MgSiO, (enstatite) and 
exhibit igneous textures, implying that they were 
formed by heating of solid precursors (cosmic 
dust) due to some heating mechanism e.g. shock 
waves, lightning flare etc., as represented in Fig. 
1, and subsequent crystallization following rapid 
cooling from either fully or partially molten states 
in the primordial solar nebula. Depending upon the f 
formation conditions, chondrules exhibit variable 
chemical composition and textures. Chondrule tex- 
ture 1s an important factor, especially in determining 
the physical conditions of melting and crystalliza- 
tion, and their mechanisms of formation. Natural 
chondrules exhibit spherulitic shapes; therefore, it is 
widely believed that these chondrules were crystal- 
lized upon rapid cooling from melt droplets. In view 
of this, numerous attempts have been made under 
laboratory conditions by various researchers in 
conducting the melt crystallization experiments and 
for reproducing the textures that have been found in 
the natural chondrule samples. However, one of the 
most significant drawbacks of these experimental 
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studies has been the presence of an external substrate surface 
over which the starting material (a mixture of different pro- 
portions of commonly found minerals in natural samples) 
is placed. Under this arrangement, the external substrate 
acts as the site of heterogeneous nucleation and hence this 
approach does not exactly replicate the early conditions of 
chondrule crystallization. 


Moreover, the crystallization phenomena of the melt precur- 
sors and the subsequent textures are believed to be intri- 
cately linked to the three-dimensional spatial and temporal 
distributions of temperature field and its gradients inside the 
melt droplet. Therefore, if one could directly observe the 
phenomenon of crystallization process and the associated 
transport mechanisms inside the molten melt droplet in-situ, 
it would contribute significantly to the ongoing efforts of 
investigation of the fundamental growth mechanisms and 
possibly reproduce the chondrule-like textures in more de- 
tail. Simultaneously, visible radiation-based visualization 
techniques are required for on-line observation of the whole 
process of crystallization from its melt precursor. Irrespec- 
tive of the area of application, the refractive index-based 
optical techniques generate path integrals of the information 
present in the field of study in the form of two-dimensional 
images by exploiting changes in the refractive index of 
the medium with respect to the temperature/concentration 
variations. These images can be viewed as projections of 
the concentration/temperature field in the direction of the 
propagation of the light beam. Though in use for over half 
a century, these visualization techniques have seen a resur- 
gence over the past decade due to the specific advantages 
in terms of spanning a field-of-view and being inertia-free. 
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Figure 1: Pictorial depiction of sequence of events that are believed 
to have taken place during the formation process of early solar 
system. The precursor material in the form o freely-floating cosmic 
dust is believed to have converted into molten state by an appropriate 
heating mechanism, e.g. shock waves, which on subsequent cooling 
resulted into chondrules. 
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The availability of high power light sources (e.g. lasers) 
along with high performance computers integrated with 
techniques of photography, video recording and digital im- 
age processing have caused a revival of optical techniques 
over a wider horizon of various scientific and engineering 
applications. 


In general terms, in-situ visualization is feasible for crystal 
growth mechanisms in any transparent fluid, whether melt, 
solution, or vapor. Of these, growth from solution is par- 
ticularly amenable to optical visualization because of the 
near-ambient working temperature (free of strong radiation 
effects). On the other hand, high temperature crystallization 
processes of molten droplets, like those associated with hy- 
percooled silicate melts (Experiments on chondrule analogs 
suggest that the chondrule precursor materials were heated 
above the liquidus, the peak temperature being in the range 
of 1550-1900°C and the crystallization process was initi- 
ated due to very large supercooling of the molten phase), 
do not permit convenient in-situ observation of the growth 
process primarily due to the strong radiation effects which 
reduce image contrast because of high background intensity. 
Irrespective of these challenges, in order to clearly under- 
stand the phase transition phenomena in high temperature 
molten droplets, it is necessary to microscopically visualize 
the morphological changes of the phase in real time. The 
present article highlights the potential of refractive index- 
based optical imaging techniques in understanding the 
crystallization phenomena of silicate melt droplets under 
non-contact conditions and elucidating the conditions that 
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Figure 2: Optical layout of Mach-Zehnder interferometer (a) and 
rainbow schlieren deflectometry set up (b) employed for recording 
the images of temperature distribution inside and around the molten 
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are required for reproducing chondrule-like textures under 
lab-based conditions. The optical methods employed aim 
at observing and recording the whole process of melting, 
the initiation of nucleation and subsequent crystallization 
process at temperatures as high as about 2000°C inside the 
undercooled silicate melt droplets, with very high visibility 
of the internal structures. The on-line prediction of possible 
chondrule textures during the crystallization process itself 
in real time is of significant importance as it is capable of 
providing a priori information of final internal structures in a 
non-destructive sense (without cutting the final crystallized 
sample). To demonstrate this, the in-situ predictions of the 
experimentally reproduced chondrule textures have been 
compared with the final textures revealed by the photomi- 
crographs of the corresponding thin sections. 


Optical Instrumentation: 
The primary optical instrumentation set ups developed for 
imaging the melt convection and the subsequent crystalliza- 
tion process inside a silicate molten droplet are laser inter- 
ferometry and rainbow schlieren deflectometry, as shown 
schematically in Fig. 2. The figure also shows the configu- 
ration for spherule melting using a high power CO, laser 
and optical visualization. The melt spherule is held under 
non-contact conditions using a gas jet levitator. Argon gas 
has been flown through an aluminum diffuser for spherule 
levitation. A high power white light source (Xenon lamp, 
75 W power output) has been employed as the light source 
for the schlieren/shadowgraph arrangement (Fig. 2a). It 
provides luminescence that is comparable to the intensity of 
radiation from the sample heated up to ~2000°C. 
al | Strong divergent light beam coming out of the 
ig Xenon lamp has been collimated using a pair 
i} of lenses (L1 and L2). A decollimating lens 
(L3) tightly focuses the optical beam onto the 
levitated silicate melt droplet. Irrespective of the 
imaging technique (schlieren or shadowgraph), 
the light beam passing through the melt droplet 
contains path-integrated information about the 
distribution of refractive index and the image 
formation is due to the deflection of the light 
beam because of variable refractive index field 
within the spherule. The diverging light beam 
is finally made parallel using a collimator (L4). 
In order to get the desired schlieren effect, this 
parallel beam of light is focused onto a knife 
edge (KE) using a decollimator (LS). The opti- 
cal components and path of the light beam to 
generate schlieren effect have been shown in 
the form of dashed lines in the figure. The knife 
edge is kept horizontal and is positioned to cut 
off a part of light focused on it, so that the initial 
illumination is uniformly reduced. 


droplet. The shadowgraph imaging is performed using the schlieren set 


up itself after removing the decollimating lens L5 and the knife edge. 


The interferometric set up (Fig. 2b) employs 
a He-Ne laser with a wavelength of 632.8 nm 
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Figure 3: Photographic view of multi-wavelength interferometer (a) and rainbow schlieren deflec- 


tometry (b) optical set ups developed at Optical Instrumentation Laboratory, Department of Me- 
chanical Engineering, IIT Bombay. Symbols “M” and “BS” in (a) denote mirrors and beam splitters. 


as the coherent source of light. Suitable combination of a 
spatial filter and a beam expander has been employed for 
expanding the original laser beam into a larger diameter 
beam so as to optically map the surroundings of the silicate 
melt droplet. The expanded beam is split into two parts using 
a beam splitter, one acting as the test beam as it scans the 
field of interest (area around the molten droplet) while the 
other part of the beam passes through the reference condi- 
tions and hence is termed as the reference beam. The two 
beams on superposition produce an interference pattern, 
which can be observed and recorded. This pattern contains 
information on the variation of refractive index within and 
in the vicinity of the melt droplet and can be quantitatively 
analyzed for retrieving the two-dimensional temperature 
field distribution. Fig. 3 shows the photographic view of the 
developed interferometry and white light-based schlieren 
systems. 


After the initiation of the crystallization process (nucle- 
ation), the in-situ visualization of the possible chondrule 
textures has been performed using the shadowgraph optical 
arrangement in real time. The shadowgraph images have 
been recorded using the same optics as employed for the 
schlieren configuration after removing the decollimating 
lens (L5) and knife edge (KE) from the optical path, as 
shown in Fig. 2a. The optical path for shadowgraph con- 
figuration is depicted by solid lines in the figure. Finally, 
the in-situ images can be recorded using a high speed CCD 
camera. The camera position is chosen so as to maximize 
the image contrast, while extracting the dominant features 
of the crystallization process. Sufficient care must be taken 
in avoiding the camera saturation at higher intensity levels 
due to strong background radiations originating from the 
surface of the molten droplet, hence a suitable combination 
of neutral density filters have been employed in the optical 
system. The image acquisition rate is fast enough to record 
the transient evolution of the crystallization process. The 
emphasis is on recording visually clear images to reveal the 
possible chondrule textures in real time as the crystallization 
process proceeds. 


Magnesium silicate spherules (diameter: 1-2 mm, made of 
MgO and SiO, powder reagents mixed in a molar ratio of 
2.0) of forsterite composition (Mg,SiO,) have been em- 
ployed in the present experiments as the starting material. 
The experiments have been performed in air (oxidizing 
atmosphere) at normal pressure conditions, which is not 
the same environment that is associated with the formation 
of natural chondrule samples. This forms the basis for the 
choice of the starting materials because magnesium silicate 
is considered to be the main component of natural chon- 
drules and oxidation number of magnesium is relatively 
stable in various ambient gas environments. The spherules 
of the starting material were transformed into complete melt 
using focused radiation from a continuous-wave carbon 
dioxide laser. Temperature of the melt droplet was con- 
trolled by adjusting the output power of the laser. With this 
arrangement, the sample could be heated up to a temperature 
of ~2000°C within 10 sec, and a cooling rate of 700 K/s at 
2000°C could be achieved by turning off the laser power. 
In addition, to be efficient enough to heat and melt refrac- 
tory materials satisfactorily, carbon dioxide lasers have an 
added advantage that the intense infrared emission from 
the laser does not interfere with viewing, photography, or 
pyrometry. The surface temperature of the melt droplet was 
monitored using a monochromatic pyrometer. It is worth 
mentioning here that one of the most challenging tasks of 
the entire experimental procedure was to keep the levitated 
spherule droplet stable in the line of the optical beam for 
in-situ visualization. 


In-situ visualization of melt crystallization: 

Whole field temperature distribution: The applications 
of refractive index-based optical techniques for in-situ 
visualization of the real-time crystallization process inside 
silicate melt droplet of forsterite composition are discussed. 
Images of the time evolution of crystallization process have 
been recorded using shadowgraph optical arrangement. The 
emphasis of in-situ visualization is to predict the experi- 
mentally reproduced textures in real time and compare them 
with the textures as revealed by the polarized microscopic 
images of the corresponding thin sections. 
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Figure 4: (a) Rainbow schlieren images of melt convection inside the molten droplet; (b) In- 
terferograms of temperature field around the molten silicate droplet, and (c) Representative 
two-dimensional temperature field distributions as retrieved through interferometric analysis. 


Fig. 4 shows schlieren and interferometric images of 
convection inside and around the melt droplet at two dif- 
ferent time instants. It is to be noted that the schlieren im- 
ages correspond to the melt convection inside the molten 
droplet whereas the interferometric images provide the 
field information of temperature distribution around the 
spherule. Image formation in a schlieren system is due to 
the deflection of light beam in a variable refractive index 
field. A schlieren image carries field information related to 
the local temperature in the form of an intensity distribution 
as a function of position in a plane normal to the direction 
of propagation of the light beam. Therefore, the images 
shown in Fig. 4a also qualitatively reveal the degree of 
uniformity of temperature distribution during this stage of 
molten droplet. The bright spot at the centre of each image 
corresponds to the optic axis of the light beam used for vi- 
sualization. It is to be seen that the temperature gradients are 
too strong during the initial stages of heating of the silicate 
spherule resulting in completely non-uniform temperature 
distribution in spatial coordinates (as evident by colors of 
different shades in Fig. 4a). However, with the passage 
of time, the entire volume of the melt droplet attains an 
average uniform temperature, the initial transients die out 
and strong temperature gradients tend to get minimized. 
Uniformity in temperature distribution is revealed by more 
or less homogeneous color distribution in the schlieren im- 
ages shown in Fig. 4. 


Fig. 4b shows the line-of-sight interferometric images of 
the temperature field around the molten droplet in infinite 
fringe setting mode of the interferometer. The infinite fringe 
setting has been achieved by aligning the interferometer 
in such a way that the test and the reference beams have 
identical optical path lengths so as to produce the site of 
constructive interference. The fringe patterns in this setting 
represent the lines of constant temperature and hence the 


black bands seen in the images can be termed as isotherms. 
The recorded interferograms have been quantitatively 
analyzed to retrieve the two-dimensional temperature dis- 
tribution around the molten droplet as a function of time 
using the data reduction scheme as reported by the author 
in one of the recent works. The concept of real time phase 
shift interferometry has been translated into image analysis 
methodology to first retrieve the full phase map information 
from a single interferogram using Windowed-Fourier trans- 
form based fringe analysis technique. The resultant phase 
distributions have then been related to the refractive index 
field and subsequently to the two-dimensional temperature 
field. The resultant temperature fields are shown in Fig. 4c. 
The masked area with black outline in the figure represents 
the molten spherule. The darker shades (reddish) away from 
the molten droplet represent lower temperatures while the 
lighter shades (white/yellowish) represent the regions of 
relatively high temperatures. The maximum temperature, 
as retrieved through the interferometric analysis, can be 
seen to be ~ 1917°C just above the spherule at a higher 
time instant. These temperature values are quite mean- 
ingful as the melting point temperature of Forsterite (the 
silicate material employed in the present work) is close to 
1900°C and the interferogram employed for quantitative 
analysis was recorded when the silicate spherule was in a 
completely molten state. The above analysis confirms that 
the principles of laser interferometry can be successfully 
employed for qualitative as well as quantitative analysis 
of the temperature field around the molten droplet during 
the process of crystallization and the lab-based chondrule 
crystallization experiments can be studied in real time for 
retrieving the whole-field information. 


Efforts are currently being made for visualizing the tem- 
perature field distribution inside the molten droplet using 


laser interferometry which would enable us to retrieve the 


Be 


nomena of known as Recalescence, 
plays an important role in deciding 
the possible final textures of the 
solidified material. As a result of 
the release of latent heat of crys- 
tallization, the temperature of the 
rest of the molten material sharply 
(a) 


Figure 5: Sequence of interferometric images before and after the com- 
plete melting of the phase change material. The black and white bands in 
(b) represent the interferometric fringes (the lines of constant temperatures). 


complete temperature distribution, inside as well as in the 
vicinity (surroundings) of the molten droplet. Fig. 5 shows 
the representative interferometric images of melt convec- 
tion through a phase change material before and after its 
temperature is raised beyond its melting point. It can be 
seen from the interferograms that initially when the tem- 
perature is near ambient conditions, the solidified form of 
the phase change material does not allow the laser beam 
to pass through. However, as its temperature is increased 
beyond melting point, the resultant molten material is quite 
transparent to the wavelength used in the experiments and 
one sees the formation of interferometric fringes depend- 
ing upon the changes in the refractive index of the molten 
material with respect to the reference conditions. Forma- 
tion of cellular patterns as a result of melt convection can 
clearly be seen in the vicinity of the bottom wall. The 
presence of densely-spaced fringes indicates the existence 
of high temperature gradients within the molten material. 
The recorded fringe patterns (which represent the lines of 
constant temperatures) can be quantitatively analyzed for 
retrieving the two-dimensional temperature distribution 
within the body of the melt. 
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It has been experimentally as well 
as numerically established by vari- 
ous researchers that the release of 
latent heat of crystallization, a phe- 


increases over a very short span 
of time which results into thermal 
as well as morphological insta- 
bilities of the growing interface. 
Hence, the study of the phenomena 
of Recalescence is important in 
determining the complete transients of whole field tem- 
perature distribution in and around the molten droplet. As 
a part of ongoing efforts for studying the fast transients of 
temperature fields, a methanol droplet of diameter ~ 1 mm 
was combusted and the subsequent droplet combustion 
phenomena has been visualized using laser interferometry. 
Fig. 6 shows the sequence of interferograms of the process 
which is spanned over a period of ~ 1 second. The initial 
ambient conditions have been shown in Fig. 6a. As soon 
as the droplet is combusted, one can see the formation of 
interference fringes around the droplet, which represent the 
lines of constant temperatures i.e. isotherms. The recorded 
interferograms have been quantitatively analyzed for re- 
trieving the two-dimensional temperature distribution. A 
representative two-dimensional temperature field is shown 
in Fig. 6d in the form of temperature contours. It is to be 
seen that the maximum temperature obtained through in- 
terferometric analysis is close to around 2000°C while the 
minimum temperature is close to the ambient conditions, 
as seen in the figure legend. The analysis presented clearly 


(b) 


(d) 


Figure 6: (a-c) Time sequence of interferometric images of droplet combustion for simulating the 
phenomena of Recalescence (fast transients associated with high temperatures). The droplet diameter 
is ~Imm. The black bands in the images represent the interferometric fringes (the lines of constant tem- 


peratures); (d) Two-dimensional temperature distribution as obtained from the recorded interferograms. 
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Figure 7: 


Time sequence of instantaneous shadowgraph 


images showing 


the transient evolution of the crystallization process inside the silicate melt droplet. t = 0.0 
sec corresponds to the time when the signs of nucleation were first observed in the images. 


demonstrates the potential of laser interferometry in provid- 
ing qualitative as well as quantitative whole field tempera- 
ture distributions of very fast transients that are comparable 
to those associated with the phenomena of Recalescence 
observed in the crystallization of molten droplets. 


Real time visualization of crystallization textures: The po- 
tential of two refractive index-based imaging techniques, 
namely schlieren and interferometry, has been demonstrated 
for qualitative as well as quantitative analysis of tempera- 
ture field distribution in the context of melt crystallization 
in the above section. The present section demonstrates the 
feasibility of shadowgraph imaging technique for real time 
prediction of possible chondrule-like textures as the mol- 
ten droplet is allowed to cool down from its melting point 
temperature by reducing the laser power. The subsequent 
crystallization process is then visualized using shadowgraph 
optical arrangement, shown earlier in Fig. 2a. The time 
evolution of the crystallization process of subcooled molten 
silicate droplets as recorded using shadowgraph optical 
arrangement has been presented in Fig. 7. The emphasis 
of shadowgraph visualization is to record the possible 
internal textures during the process of melt crystallization 
in real time. 


The first image of the time sequence shows nearly uniform 
intensity distribution, which in turn signifies the extent of 
uniformity of temperature within the melt volume at this 
time instant when the molten droplet is in under-cooled 
condition. As the spherule is allowed to cool further down, 
one can see the appearance of small crystalline structures 
that originate simultaneously from different locations inside 
the subcooled molten droplet. The amount of supercooling 
(AT) employed before the onset of nucleation process was 
~ 580K. As the level of supercooling further increases, 
with the passage of time, these small crystalline structures 
tend to grow in size and also one can see the increase in 
the density of these structures. It is pertinent to note here 
that though these micro structures initially get formed 
inside the body of the molten droplet, however, with the 
passage of time, they tend to move towards the periphery. 
This outward movement of the crystalline structures can be 
attributed to the strong centrifugal forces imparted due to 
the rotation/spinning of the molten droplet as the silicate 
spherule is supported under non-contact conditions using 
a gas-jet levitator. Under the influence of these centrifugal 
forces, micro structures tend to move towards the surface 
of the spherule (as can be seen from the successive images 
of Fig. 7) and finally give rise to a structure that closely re- 
sembles the porphyritic-like textures, often found in natural 
chondrules from meteorites. 
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Figure 8: (a) Photomicrograph of thin section of the silicate spherule showing the por- 
phyritic-like texture at the end of the crystallization process; (b) An instantaneous in- 
situ image of the crystallization process reproduced from Figure 4 for comparison. 


The experimentally reproduced porphyritic-like textures 
as predicted by real time shadowgraph visualization was 
compared with those observed using polarized microscopic 
images of the thin section of the crystallized spherule at the 
end of the experiment. A photomicrograph of the thin sec- 
tion is shown in Fig. 8. For comparison, an instantaneous 
in-situ image of the crystallization process has also been 
presented. A close agreement between the textures exhibited 
by the two images can be seen. Of particular interest are 


Figure 9: (a-c) Instantaneous shadowgraph images showing the transient 
evolution of parallel bar structures during the crystallization; (d) Photomicro- 
graph of thin section of silicate spherule showing a rim-bar double structure 


the striking similarities and a one-to-one correspondence 
among the dominant features of the two images. Among 
others, the shape, size and approximate location of one 
of the dominant facetted crystalline structures seen in the 
photomicrograph is well-predicted by the in-situ observa- 
tion in real time during the process of crystallization (as 
indicated by the areas highlighted by rectangular boxes in 
the figure). Furthermore, the presence of voids within the 
crystallizing melt as seen in the thin section image is also 
well predicted by the in-situ observation image. 


Fig. 9 presents a sequence of real time 
images of crystallization phenomena that 
appears to have started from the surface 
of the supercooled melt droplet. Upon 
initiation from the surface, the crystal- 
lization front propagates towards the 
center of the spherule. Appearance of 
radial fibers together with some parallel 
bars can be seen from the in-situ images. 
With the passage of time, an increase in 
the length of these barred structures is 
clearly seen. The process of crystalliza- 
tion depicted by the real time images 
shown in Fig. 9 reveals a directional 
growth of planar crystals in the form of 
parallel bars throughout the volume of 
the silicate droplet. The figure also shows 
a polarized microscopic image of a thin 
section of the final crystallized sample 
(d). The presence of several parallel 
bars extending towards the center of the 
spherule along with a rim-like structure 
on its periphery is evident from the 
photomicrograph. It is worth mention- 
ing here that similar double structure 
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Figure 10: (a-c) Instantaneous shadowgraph images showing the transient evolution of the crys- 
tallization process wherein the nucleation process starts from inside the melt droplet. Position of 
the nucleation center is indicated by arrows in the first and the last images; (d) Photomicrograph 
of thin section of silicate spherule showing the presence of nucleation center inside the spherule. 


i.e. rim-bar textures, have also been found in the natural 
samples of chondrules. 


Fig. 10 shows a sequence of in-situ images showing the time 
evolution of the crystallization process wherein the point of 
nucleation appears to be present inside the melt droplet. In 
contrast to the appearance of multiple nucleation centers, 
the images shown in Fig. 9 reveal the presence of single 
nucleation center throughout the crystallization process, as 
indicated by an arrow in the first and the last image. The 
textures of some natural meteoritic chondrules have also 
revealed the presence of single nucleation center inside the 
spherule. Initiation of the crystallization process from inside 
the melt droplet is an interesting observation considering 
the fact that a spherule cooling under black-body radiation 
conditions is generally expected to crystallize first from 
its outer surface (exposed to ambient conditions) which 
is at lower temperature compared to the rest of the molten 
droplet. The in-situ images shown in Fig. 10 show no sign 
of crystallization from the outer surface except a single 
nucleation center located inside the melt droplet. During 
the final stages of the process, crystallization starts from 
this nucleation center. The presence of single nucleation 
center inside the silicate spherule predicted through in-situ 
visualization was further confirmed by comparing this ob- 
servation with the texture of the crystallized spherule thin 


section as seen through polarized microscopy. 


Summary and Future implications on chondrule crystal- 
lization: 

The present work is an attempt towards understanding the 
crystallization mechanisms of silicate melt droplets under 
non-contact conditions. The study holds its importance in 
the context of planetary sciences since the chondrules (one 
of the oldest materials of early solar system) are believed 
to have formed through rapid cooling of freely floating 
molten silicate spherules. In view of the fact that the natural 
chondrule samples have exhibited different textures (por- 
phyritic, parallel bar, rim-bar etc.), the laboratory-based 
efforts in reproducing similar textures are expected to pro- 
vide useful insights into the formation conditions of early 
solar system. The work presented in this article is an initial 
effort in this direction wherein the non-contact conditions 
have been achieved through gas-jet levitation technique. A 
novel radiation-based optical diagnostic system comprising 
interferometry, schlieren and shadowgraph imaging tech- 
niques has been developed and employed for visualizing 
the real time crystallization phenomena inside a silicate 
molten droplet. It has been successfully demonstrated that, 
in spite of the challenges associated with high radiation and 
large curvature effects of the silicate spherule itself, the 
visualization techniques can be optimized for generating 
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meaningful two-dimensional images of melt convection 
and real time phenomena of crystallization can be recorded. 
The recorded images can be quantitatively analyzed for 
retrieving the whole field temperature distributions inside 
as well as around the molten droplet, which can further be 
correlated with the resultant chondrules textures. Coupled 
with the principles of optical tomography, the path inte- 
grated information in the form of 2-D intensity images can 
be extended to retrieve full three- dimensional distributions 
of the associated temperature fields. 


In the context of chondrules formation studies, it is pertinent 
to note here that the experiments reported in this article have 
been carried out under normal atmospheric and gravitational 
conditions, which do not exactly replicate the formation 
conditions of early solar system (low pressures, zero gravity 
etc.). However, the approach followed for understanding 
the melt crystallization phenomena based on non-contact 
conditions and the application of non-intrusive imaging 
techniques clearly opens a new path way for studying the 
formation mechanisms of chondrules. The experimental 
parameters can further be improved by performing these 
studies under low pressure (vacuum chambers) and micro 
gravity conditions, (e.g. created using parabolic flights, 
drop tower, space stations etc.) and by having different 
compositions of the starting materials. Moreover, differ- 
ent gaseous environments may also be created around the 
experimental zone for studying the compositional structures 
and the phenomena like isotopic fractionation, as reported 
by various researchers in the recent years. The future di- 
rection of the work presented in this article is focused on 
creating the above-mentioned conditions so as to replicate 
the early solar system formation conditions to the maximum 
possible extent. The crystallization experiments under these 
conditions are planned to be performed and studied using 
the radiation-based optical diagnostic systems, which would 
further enable us to elucidate the whole field temperature 
distributions and their effects on the resultant chondrules 
textures. 
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Saturn, the only planet with majestic rings intrigued scien- 
tists for a long time until its secrets have been unlocked by 
Cassini-Huygens Mission. The spacecraft is named after 
astronomers Giovanni Cassini and Christiaan Huygens. 
Cassini is the first spacecraft to enter Saturn’s orbit and it 
is still successfully turning out incredible discoveries. One 
of the most intriguing discoveries is the evidence of large 
underground ocean of liquid water activity “potential host 
for microbial life” on Enceladus. 


Cassini-Huygens, one of the largest, heaviest and most com- 
plex interplanetary unmanned spacecraft carried 18 different 
instruments for its science investigations. Cassini-Huygens 
is ajoint effort of NASA—ESA-Italian Space Agency (ASI) 
aimed at studying the planet, its rings, icy moons (particu- 
larly Titan and Enceladus), and the magnetic environment 
around. The mission is also aimed at carrying in-depth in- 
vestigations of the Saturn’s largest moon, Titan, by means 
of a number of fly-bys and also delivering a wok-shaped 
probe called Huygens to Titan’s surface. 


Launch and Mission profile: Cassini-Huygens was 
launched on Oct. 15, 1997 onboard Titan IVB/Centaur 
Engine. After a long interplanetary voyage with gravity 
assists flybys of Earth, Venus, and Jupiter, the spacecraft 
cruised through nearly 3.5 billion kilometres before it finally 
reached Saturn on July 1, 2004. Three Radioisotope Ther- 
moelectric Generators(RTGs) provided the required power 
to the spacecraft. Huygens Probe that rode along with the 
spacecraft was kept mostly in sleep mode, awakening once 
in every six months for technical check-ups. 


r—~ Second Venus Swingby 
June 24, 1999 


Launch 
October 15, 1997 


Instrument suite: The Cassini orbiter carried 12 instru- 
ments onboard and Huygens was equipped with 6 instru- 
ments. The remote sensing instruments carried by Cassini 
include cameras, spectrometers, radar, and radios that 
work at optical and microwave region of electromagnetic 
spectrum. These instruments were aimed to study various 
aspects of Saturn, from dust particles to plasma environ- 
ment and magnetosphere. The 12 instruments of the orbiter 
are classified with respect to three main remote sensing 
domains namely 1) Optical 2) Fields, Particles and Waves 
and 3) Microwave 


Optical Remote Sensing: Four imaging instruments under 
this category will focus on the Saturn with its rings and 
icy moons in the electromagnetic spectrum. 


1) Composite Infrared Spectrometer (CIRS): CIRS mea- 
sures emissions from the planet’s surface in infrared regime 
to identify its composition. 


2) Imaging Science Subsystem (ISS): This instrument 
mainly aims at capturing images of Saturn, its rings and 
moons. 


3) Ultraviolet Imaging Spectrograph (UVIS): It mea- 
sures the ultraviolet light (~ 55.8-190 nm) reflected off 
from Saturn system to determine the composition, dis- 
tribution, aerosol particle content and temperatures of 
Saturn’satmosphere. 


Cassini interplanetary trajectory 


= 


Launch to 1st Venus Swingby 
1st Venus Swingby to 2nd Venus Swingby 


2nd Venus Swingby to Earth Swingby, Past 
Jupiter to Saturn 
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Cassini Spacecraft & Instruments 


4) Visible and Infrared Mapping Spectrometer (VIMS): It 
includes a pair of imaging grating spectrometers used to 
study the reflected and emitted radiations from atmosphere, 
rings and surface of Saturn for inferring their compositions, 
temperatures and structures. 


Fields, Particles and Waves: Six instruments under this 
category study the dust, plasma and magnetic fields around 
Saturn. 


1) Cassini Plasma Spectrometer (CAPS): It measures the 
molecules originating from Saturn’s ionosphere and also 
investigates the plasma environments, solar wind within 
the magnetospheres of Saturn. 


2) Cosmic Dust Analyzer (CDA): CDA measures origin, 
trajectory, speed, size, and chemical composition of the dust 
particles in the Saturn system 


3) Ion and Neutral Mass Spectrometer (INMS): It studies the 
chemical, elemental and isotopic composition, structure of 
the gaseous and volatile components of the neutral particles 
and low energy positive ions in the Titan’s upper atmo- 
sphere, Saturn’s magnetosphere, rings and icy moons. 


4) Magnetometer (MAG): It measures the strength and direc- 
tion of the magnetic field of Saturn, the state of magnetic 
field around Titan, and also the influences of icy satellites 
on Saturn’s magnetosphere. 


5) Magnetospheric Imaging Instrument (MIMI): It stud- 
ies the configuration and dynamics of Saturn’s magneto- 
sphere and its interactions with the solar wind, Saturn’s 
atmosphere, rings, and icy moons, and Titan by measuring 
the composition, charge state and energy distribution of 
energetic ions and electrons. 


6) Radio and Plasma Wave Science (RPWS): It studies 
the configuration of Saturn’s magnetic field and its re- 
lationship to Saturn Kilometric Radiation (SKR). It also 
maps Saturn’s ionosphere and plasma, and lightning from 
Saturn’s atmosphere. 


Microwave Remote Sensing: Two instruments under 
this category will understand atmospheres, the mass of 
moons, ring particle size, and surface of Titan using radio 
waves. 


1) Radar: Operating in three modes namely imaging, 
altimetry and radiometry, this instrument aimed at mea- 
suring the roughness and the electrical conductivity of the 
planet. Radar was also used to map the elevation of Titan’s 
surface features. 


2) Radio Science (RSS). It is the largest instrument on the 
mission which can measure the changes in velocity less 
than a ps at enormous distances. This instrument facilitated 
the study of the composition and properties of Saturn’s 
rings and atmosphere. 
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MISSION UPDATES 
ISRO successfully launches GSLV Mark-III 
ISRO successfully carried out human crew module experi- 
ment on Dec. 18, 2014. The module safely splashed down 
into Bay of Bengal. The CREW module got separated 
from the rocket about 325.52 seconds after the lift-off at 
126.16 km altitude. The specially made parachutes helped 
the module ‘soft-crash’ in the Bay of Bengal, which was 
subsequently recovered by Indian Coast Guard ships. 


NASA’s New Horizons Spacecraft Awakens for 
Encounter 

The farthest travelled spacecraft, New Horizons of NASA 
woke up from hibernation on Dec. 6, 2014 at 9:53 p.m. 
(EST). After travelling a long distance of three billion 
miles for nine years, it is now ready to encounter Pluto in 
2015. New Horizons carries 7 scientific payloads for its 
investigations. 


Methane on Mars — Curiosity rover with latest 
results 

NASA’s Curiosity rover has detected methane in the at- 
mosphere of Mars. The methane levels measured in the 
martian atmosphere is about 7 ppbv, which is 10 times 
greater than the counts found in the background! The 
martian methane gas was detected by the samples collected 
by Curiosity’s SAM. 


Rosetta — The Comet invader 

ESA’s Rosetta mission successfully landed its lander Phi- 
lae on the surface of comet 67P / CG on Nov. 12, 2014. A 
3D image of comet was generated from data collected by 
ROLIS aboard the ESA’s Philae spacecraft. A short but 
significant sound was heard by Philae’s CASSE payload 
as the spacecraft made its first touchdown. 


MAVEN - Probing deep into its science goals 
MAVEN has been giving a number of electrifying results 
from the Comet Siding Spring encounter on Oct. 19, 
2014. The IUVS observed intense emissions from Fe & 
Mg ions in the atmosphere after the comet encounter. The 
NGIMS determined the composition of comet dust in 
Mars’ atmosphere. The SEP instrument observed signifi- 
cant solar activity from the Sun on Mars; generated a map 
of Mars’ ozone layer and provided a view of the escaping 
atmosphere of Mars. 


Kepler on the go! 

The Kepler mission showed that planets larger in size 
than Earth and smaller than Neptune are common in the 
galaxy, yet they are absent in our solar system. Kepler has 
also identified more than 4,000 planet candidates, and 996 
have been verified as bonafide planets till date. 
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Cassini Sails into New Ocean Adventures on 
Titan 

With new findings about the hydrocarbon seas on Sat- 
urn’s moon Titan, NASA’s Cassini mission, during a 
flyby in August, has observed a new feature - “magic 
island.” The new features in Kraken Mare were observed 
in both radar data and images from Cassini’s VIMS in 
two different wavelengths. The spacecraft is scheduled 
to observe the original “magic island” feature in Ligeia 
Mare once again in Jan. 2015. 


Hayabusa2 — Japan’s falcon flies to reach the 
asteroids! 

The Hayabusa2—JA XA’s sample returnmission to aster- 
oid began at 11:22 p.m. EST on Nov. 30, 2014. It carries 
four landers, which will descend to the asteroid during 
its mission. An impactor will be released to create small 
crater on the surface, sub-surface samples will be col- 
lected, and then it will head for Earth with a container 
with asteroid samples; re-enter Earth’s atmosphere in 
Dec, 2020. 


Waving goodbye for Venus Express 
ESA’s Venus Express, after exploring Venus for 8.5 years 
in an elliptical 24 hour orbit (that conducted a detailed 
study of the planet and its atmosphere) has finally ended 
its mission on Dec. 17, 2014, exhausting its propellant 
during a series of thruster burns this year. 


Mars Spacecraft Reveal Comet Flyby Effects on 
Martian Atmosphere 

Comet C/2013 A1 Siding Spring travelled from the Oort 
Cloud, and made a close approach around 2:27 p.m. 
EDT within about 87,000 miles of Mars. The ESA’s 
Mars Express spacecraft, NASA’s -MAVEN and -MRO 
spacecrafts, obtained the first close-up observations of 
a comet flyby of Mars on Oct. 19, 2014. 


Galileo satellite recovers! 

Europe’s fifth Galileo satellite, delivered into a wrong 
orbit by VS09 Soyuz-Fregat launcher in Aug., has trans- 
mitted its first navigation signal in space on Nov. 29, 
2014. It has reached its new target orbit and its navigation 
payload has been successfully switched on. 


Dawn gets its first light form Ceres 

The Dawn spacecraft encounters yet another mysterious 
object in asteroid belt, the Ceres - suspected to harbour 
life as it is believed to contain 40% water by volume. 
Dawn sent back its first image on Dec. 1, 2014. It will 
make its closest approach in Mar. 2015, looking for key 
chemical ingredients that support life. 
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2X” VENUS WORKSHOP — NGRI 


The second workshop on Venus was held on Oct. 28- 
29, 2014 at the National Geophysical Research Insti- 
tute, Hyderabad in collaboration with PLANEX-PRL. 
The workshop was organised to explore scientific 
objectives for a probable Indian Venus expedition 
in the near future. The main aim was to expose the 
students and researchers to the intricacies of Venusian 
Science. The proceedings included new scientific 
payloads, proposals, past/current studies (geomor- 
phic, atmospheric), mission launch possibilities and 
orbital ephemeris. 


Dr. Y. J. Bhaskar Rao, Director, NGRI delivered the 

opening remarks by highlighting the contributions 

made by NGRI to terrestrial science, which acts as 

a foundation for planetary explorations. Early earth process like archean aged rocks, tectonics of earth and the clues 
for understanding the evolution of our own planetary body were the highlights of the talk. He also mentioned that 
Venus may also have some of their clues hidden within it, which is yet to be deciphered. He suggested the research- 
ers to find out new and intelligent ways to explore the early Venus surface. He expressed his gratitude in involving 
young researchers and students in such workshops. Following this, Prof. J. N. Goswami, PRL emphasized on the 
real challenges involved in targeting Venus, which is much more complex than Mars or Moon. He advised to aim for 
a long, dedicated and thorough study of Venus in order to achieve scientific and technological breakthroughs in an 
Indian mission to Venus. He shared his experiences with the past planetary missions and studies on planetary bodies, 
and mentioned that even though Earth and Venus are of almost similar mass and size their geological make-up is 
different and they pose different challenges. Thus, the variation among the two nearby planetary bodies is a puzzle 
to be solved. 


He urged that apart from the anticipation for a mission to Venus there should be a plan for a new problem which has 
not been dealt till now. He suggested a potential problem which is, observing the Venus atmosphere around | um 
region, where surface emission could be recorded without any atmospheric influence He also advised to expand the 
wings to collaborate with countries, which are exposed in this field for their advice in making detector and sensors. 
Dr. Seetha, PD, SSPO, in her introductory remark showed her enthusiasm over the new planetary mission, which would 
hoist the ISRO flag high. She applauded the success of ISRO’s past planetary missions and mentioned her expectation 
for the same in the future. She advised the scientific community to propose new ideas with mission planning and time 
frame for the Venus Mission. The goals could be chosen based on our own expertise, data and interpretation skills, 
modelling knowledge and the experiments could be made practically to answer the unsolved problems on Venus. She 
expressed the need for passion and enthusiasm for such long term missions, since there are only a small number of 
people who work in planetary field in our country. 


Dr. P. Senthil Kumar, the convenor of this workshop thanked Dr. Sree Kumar, Director IIA, and other enthusiasts of 
the first workshop. He thanked them for staying in touch and helped in coordinating the second workshop as per the 
schedule, who worked as a team. He thanked the initiative taken from the Venus working group, which would make 
a database on the existing knowledge on Venus and that would be circulated among the group. He also urged that the 
need for mission to Venus should indeed answer how to retrieve the missing 80% geological history of Venus and 
find where could be the potential zones to look for the early processes of Venus. He thanked the support provided by 
CSIR-NGRI, PLANEX-PRL and ISRO for conducting this workshop as per the schedule. 


The first session of the workshop included presentations from experts, which gave a glimpse of Venus and other 
planetary bodies. The lectures on Venus atmospheric studies explained the greenhouse effects on Venus, significance 
of thick atmosphere and its effect on in/out bound energy and their relevance to Earth. In Venus, the inbound solar 
radiation is mostly reflected and paves way for high albedo (0.7) and less surface heating. Presentations focused 
about the atmospheric studies like composition of Venus atmosphere, its control by surface temperature, effects of 
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clouds at different altitudes, which act as traps for radiations. The linkage between the composition and evolution of 
atmosphere was highlighted to infer the thermal evolution of planetary body. Other atmospheric related presentations 
focused on issues like easy escape of higher elements from atmosphere, effects of hot surface temperature burning 
their atmosphere and understanding the boundary between atmosphere and surface. 


The other sessions detailed about the geology of Venus, by bowling a gigantic problem to solve, which is: how to 
trace back the loss of first 4 Ga histories? The presentations also highlighted the unimodal topography of Venus, Earth 
like rift systems, folded mountains and collation like structures. Most of the queries raised were oriented towards the 
compositional diversity of Venus, which is not clear yet. Till date, the geology of the Venus is explored through the 
radar images. The exposure and interpretation of the geological features through radar images were also presented. 
One potential difficulty was raised about the estimation of surficial age of Venus through impact craters, since there is 
paucity of craters on Venus. Following these presentations, there were many discussions on microwave remote sens- 
ing of Venus, currently the only way available to study the surficial features, their resolution constraints in the current 
missions and need for high resolution with satellite orbiting in circular orbit. Also there were discussions about the 
aeronomy studies on Venus. These presentations emphasised the need to study the upper atmosphere (> 100 km), their 
dissociation and ionization of particles, and electron density difference during day/night side. Then the discussion 
moved from top of the atmosphere to the core of Venus. The possibility of gravity based studies like estimating the 
density of core, error and maximum anomaly expected, crustal thickness and the effect of eccentricity in such calcula- 
tions were discussed. 


In addition to the Venus based studies, there were presentations regarding the mission opportunity, transfer trajectory 
and (analysis of Venus mission opportunities). These presentations included the details about the possible launch win- 
dow for Venus i.e., likely during 2023. The cruise to Venus would take ~185 days and expected fuel in Kg to reach the 
Venus was discussed. Finally, the possible experiments that could be carried out were also discussed. Venus’s thick 
atmosphere made most of the proposals to orient towards atmospheric studies, and radar based studies for surface 
geology. The drafting of proposals and mission planning has got kick started as a result of these fruitful discussions. 
To fast track and focus it, there was a special open discussion session on future plans for Venus, which was chaired by 
Prof. Goswami. The open discussion session was crisp and clear, which focused on what should be done for Venus mis- 
sion, experiment of realistic value and the capability to do within the constraints by ISRO. The success rate of reaching 
Venus is 30% and the previous missions show the technology which we would need to reach there. ISRO is currently 
engaged in Chandrayaan-2, Astrosat, Aditya and other communication satellites, so the possible time slot would be at 
least half decade from now. The discussion urged the people to make group among themselves based on their expertise 
like atmospheric studies, geological studies, aeronomy studies, etc., and utilise the time span for proper planning. The 
open discussion on atmospheric problems focused on super rotation, cloud monitoring, looking for possible atmospheric 
window to interpret surficial emission, perswilty of observation above/below clouds and the atmospheric flow dynaraigs 
The geological discussion included ) 
choosing of probable microwave 

band, modelling of material prop- 

erty to understand the dielectric _ 

properties of Venus, correlate to 

probable terrestrial analogue, and 

analysing possible landing sites for 

future missions. The open discussion 

was concluded by the suggestion to 

kick start the preliminary draft in 

terms of technology and scientific 

studies on Venus. Initiation of pos- 4 

sible collaboration both within and Mi 

outside country and utilisation of 

the existing resource to extend to 

Venus mission, we should build the 

strength by ourselves to go to Venus 

in near future. 
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» “Venus Science Priorities for Laboratory Measurement and Instrument Definition Workshop” will be 
organized during April 7-8, 2015 at National Institute of Aerospace, Hampton, Virginia. The last date for 
abstract submission is Jan. 22, 2015. 

For more details, visit:- _http://www.hou.usra.edu/meetings/venustech2015/venustech20151st.shtml 


» “2015 IAA Planetary Defence Conference” by International Academy of Astronautics will be organized 
during April 13-17, 2015 at Frascati, Roma, Italy. The conference is open for abstract submission. 
For more details, visit:- http://iaaweb.org/content/view/599/785/ 


» “Meeting on Star and Planet Formation in the Southwest” will be organized during March 23-27, 
2015 at Oracle, AZ, USA. The last date for abstract submission is Jan. 15, 2015. 


For more details, visit:-_https://lavinia.as.arizona.edu/~kkratter/SPF 1/Home.html 


» “46” Workshop on Planetary Protection Knowledge Gaps for Human Extraterrestrial Missions” will 
be held during March 24-26, 2015 at NASA AMES Research Center, CA. The last date for abstract sub- 
mission is Jan. 8, 2015. 


For more details, visit:- http://www.hou.usra.edu/meetings/ppw2015/ 


» “1 Advanced School on Exoplanetary Science” will be organized during May 25-29, 2015 at Salerno, 
Italy. The last date for registration is March 1, 2015. 


For more details, visit:- http://www.iiassvietri.it/en/ases2015.html 


» “The Humans to Mars Summit” will be held during May 5-7, 2015 at The George Washington Univer- 
sity, Washington, DC. The summit is open for registration. 
For more details, visit:- http://h2m.exploremars.org/ 


» “Ringberg Workshop on Spectroscopy with the Stratospheric Observatory for Infrared Astronomy 
(SOFIA)” will be held during March 15-14, 2015 at Schloss Ringberg, Germany. The workshop is open 
for registration and abstract submission. 

For details, visit:-https:/indico.mpifr-bonn.mpg.de/indico/conferenceDisplay. 


» “ESA’s Planetary GIS Workshop” will be organized during May 5-7, 2015 at ESAC, Madrid, Spain. 
The last date for abstract submission is Feb. 25, 2015. 


For more details, visit:- http://www.rssd.esa.int/index.php?project=PSA &page=gisws 


» “Workshop on Comparative Tectonics and Geodynamics of Venus, Earth, and Rocky Exoplanets” will 
be held during May 4-6, 2015 at Pasadena, California. The last date for abstract submission is Feb. 26, 
2015: 

For more details, visit:- http://www.hou.usra.edu/meetings/geodyn2015/ 


» “Fourth International Planetary Dunes Workshop: Integrating Models, Remote Sensing, and Field 
Data” will be held during May 19-22, 2015 at Boise, Idaho. The last date for abstract submission is 
March 5, 2015. 

For more details, visit:- http://www.hou.usra.edu/meetings/dunes2015/ 


» “Workshop on Issues in Crater Studies and the Dating of Planetary Surfaces” will be held during May 
19-22, 2015 at Laurel, Maryland. The last date for abstract submission is March 5, 2015. 
For more details, visit:- http://www.hou.usra.edu/meetings/craterstats2015/ 
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Discovery of recent volcanism on the Moon suggest that the Moon may not be geologically dead as conventionally understood. The location is Lowell 


crater, Orientale basin on the far side. This youngest reported volcanic terrain on the Moon would have formed merely ~ 2-10 m.y ago. (Source: R. 
P. Gupta, N. Srivastava , R. K. Tiwari, Evidences of relatively new volcanic flows on the Moon. Current Science, 454-460, Vol. 107, NO. 3, 10 August 2014 ; N. Srivastava, D. Kumar, 


R. P. Gupta, Young viscous flows in the Lowell crater of Orientale basin, Moon: Impact melts or volcanic eruptions? Planetary & Space Science Vol. 87, 37-45, October 2013 ) 


MY ASSOCIATION W 


My association with PLANEX began from 13" PLANEX Workshop held at CSIR-NGRI, Hyderabad in 
2013, which is the starting stage of my voyage in planetary exploration. Soon after completion of gradu- 
ation, I have started my research career as a Project Associate in PLANEX under motivating guidance of 
Prof. S.V.S Murty and K. Durga Prasad. I was given an opportunity to implement the electronics for a proto- 
type of Lander payload in Chandrayaan-2. PLANEX provided me an opportunity to attend the 18" National 
Space Science Symposium held at Dibrugarh. Talks and discussions with renowned scientists at the confer- 
ence gave me a good experience. Colloquiums, area seminars and discussions in Monday forum of PRL and 
PLANEX enhanced my knowledge and my way of thinking in various fields of research. I am feeling proud, 
since I was a part of editorial team of PLANEX newsletter, which is striving for outreach of planetary sci- 
ence in the country. After 15 months of experience in PLANEX, I got an opportunity for further studies at 
IIT Madras. I will focus my further research in planetary exploration with the engineering I do. 
The ambience of PLANEX taught me the lessons of dedication and punctuality, I will be carrying forward 
them for rest of my life. I am thankful for my dear friends and colleagues in the PLANEX who were sup- 
portive and helpful all the time I spent at PRL. I wish all the best for the PLANEX team and congratulate 
PLANEX newsletter team for successful completion of four volumes. 
Vijjapu Mani Teja 
Project Associate 
IIT Madras, Chennai 600036, India 
E-mail: manitejav.mems@ee.iitm.ac.in 
Contact: + 91-(0)-7600696670 
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KEPLER - Search for potential habitable planets 


Mankind’s quest to explore the unknown, in particular, 
the search for earth-like planets beyond our Solar Sys- 
tem is the stuff of science fiction. A substantial number a )— Transit Method 
of exoplanets have been found and the focus now, has ; ees 

shifted to scour the circumstellar medium for terrestrial 
-like (Exoplanets) planets, especially in the so-called 
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Goldilocks Zone (habitable zone for planets). This trig- ihe \ — —_ 
gered NASA to embark on the KEPLER mission, a space- = | | a Light Curve 
based telescope cum observatory, which was launched J ° 25@)| mus 50 ea 


on March 6, 2009 and the name is kept in the honour 
of Johannes Kepler, a 16" century German astronomer, 
famous for finding the three planetary laws. 
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Kepler telescope and dip of light hint exoplanet 


Kepler spacecraft weighs over | tonne, of which the payload Credit: NASA/JPL 

the primary mirror weighs about half a tonne. The mirror diameter is 1.4 m, which was the largest mirror of its kind on 
any telescope outside Earth’s orbit with a Field of View (FOV) of about 115 deg? and orbits around Sun every 372.5 
days. On this mirror, a very high reflectance coating was applied to improve the mirror’s capability to view far-off stars 
and galaxies. Kepler was designed to search a part of the Milky Way Galaxy in order to discover a number of Earth-size 
extrasolar planets and obtain an estimate regarding the number of galaxies that harbour such planets. Kepler locates 
planets by looking for occasional drops in brightness of a star as an object crosses 
in front of it, which is also called as the transit of a planet across a particular star. 
Once a planet has been detected through this process, the orbital size of the planet 
can be estimated from the time the planet takes to orbit once around the star and 
the mass of the star from Kepler’s Third Law of planetary motion. A general idea 
of the planet’s temperature can be obtained from the orbital size and the stellar 
temperature, which helps us get an idea about the habitabilty of the planet. Its first 
discovery was Kepler-10b, on Jan. 2011, which is the smallest planet discovered 
outside our solar system. 


Planet Temperature & Size 
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Credit: NASA/JPL 
Mission controllers in Boulder, Colorado received a scare signal on May 2013, 
when one of the four reaction wheels on Kepler failed. It rang alarm bells, because reaction wheels help to manoeuvre 
and point the spacecraft in a desired direction. However, instead of giving up for good, a team of scientists and engineers 
devised a plan to bring Kepler back to life. They used pressure from sunlight, or solar wind, as a virtual reaction wheel 
to control the telescope while observing the sky in the ecliptic plane. After this Phoenix-like rebirth, scientists have re- 
named the mission as K2 and restarted its observation to hunt the exoplanets. Using data released by NASA in February 
2014, astronomers confirmed the first exoplanet discovered by the K2 mission. The new planet, HIP 116454b (180 lights 
years away), is roughly 2.5 times the diameter of Earth, which closely orbits a star smaller and cooler than our Sun once 
every nine days, which would make the planet a really hot place to live in! Since the K2 mission began in May 2013, 
more than 35,000 stars have been observed and data on star clusters, star-forming regions were collected. 
Image source : http://planetquest.jpl.nasa.gov/; http://discovery.nasa. gov/images/missions/kepler/; http://www.nasa.gov/mis- 
sion_pages/kepler/multimedia/images/ 
Text Source: http://www.nasa.gov/mission_pages/kepler/overview/; http://en.wikipedia.org/wiki/Kepler_spacecraft 
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